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INTRODUCTION. 


T.  ME  microscope,  the  wonders  of  which 
will  be  displayed  in  the  progress  of  this 
little  volume,  is  an  instrument  enabling  us 
to  examine  the  structure  of  plants  and  ani- 
mals ; it  extends  the  boundaries  of  the  or- 
gans of  vision  with  respect  to  all  minute  ob- 
jects; it  presents  to  the  eye  a multitude  of 
beings,  of  whose  existence  we  could  form 
no  idea  without  the  assistance  of  glasses  ; 
it  opens  to  the  young  and  to  the  curious  an 
inexhaustible  source  of  information  and 
pleasure.  In  a word,  this  pleasing  instru-  • 
ment  leads  to  the  discovery  of  a thousand 
wonders  in  the  works  of  His  hand,  who 
created  ourselves,  as  well  as  the  objects  of 
our  admiration  ; it  improves  the  faculties, 
exalts  the  comprehension,  and  multiplies 
the  means  of  happiness,  and  should,  there- 
fore, be  rendered  the  hieans  of  exciting  in 
our  breasts  emotions  of  gratitude  to  that 
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great  and  good  Being  to  whom  we  are  in- 
debted tor  life,  and  all  its  various  sources  of 
enjoyment. 

As  the  eye  is  the  grand  organ  through 
which  is  derived  all  the  pleasures  arising 
from  the  microscope  and  other  optical  in- 
struments, it  will  be  right  to  give  some  ac- 
count of  the  structure  of  this  valuable  or- 
gan, and  of  the  nature  of  vision. 

The  disposition  of  the  eyes  is  admirable. 
They  are  placed  in  the  highest  part  of  the 
body  to  command  distant  prospects  ; and, 
at  a certain  depth,  surrounded  with  hard 
solid  bones,  that  they  may  not  be  liable  to 
injury.  They  move  easily  in  the  socket  in 
all  directions ; they  are  wiped,  and  protected 
by  the  lids  that  keep  perpetually  opening 
and  shutting.  The  eye  lashes  save  them 
from  too  strong  a light,  and  are  safe  guards 
in  a thousand  instances. 

The  interior  structure  of  the  eye  is  still 
more  curious  The  whole  is  composed  of 
coats,  of  humours,  and  muscles.  The  out- 
side coat  or  membrane  is  called  the  cornea;  it 
is  perfectly  transparent  to  admit  the  rays  of 
light,  and  hard  as  horn  to  resist  the  small 
blows  and  shocks  to  which  it  is  liable.  Behind 
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the  cornea  is  another  membrane  called  the 
uvea , which  is  circular  and  coloured.  In 
the  middle  of  this  there  is  an  opening 
which  is  called  the  pupil ; it  appears  black, 
and  becomes  greater  or  less  according  to 
the  degree  of  light  to  which  it  is  exposed. 
Behind  the  uvea  are  three  other  substances 
behind  one  another;  the  first  is  the  aqueous , 
or  watery  humour ; the  second  is  a chrys- 
talline  kind  of  substance ; and  the  third  is 
called  the  vitreous  humour,  because,  in  ap- 
pearance, it  resembles  melted  glass.  Beyond 
these  is  a substance  called  the  retina,  or 
network,  on  which  the  images  of  all  ob- 
jects whatever  that  we  see  are  painted  ; 
and  connected  with  the  retina  is  the  optic 
nerve,  which  communicates  with  the  brain, 
and  gives  the  mind  the  sense  of  sight. 

The  structure  of  the  eye  is  not  more 
wonderful,  than  the  nature  of  vision  is  asto- 
nishing. No  object  can  become  visible  to 
us  unless  rays  of  light  proceed  from  it  and 
fall  upon  our  eyes.  These  rays,  which  mi- 
nister the  sense  of  sight,  are,  perhaps,  the 
most  wonderful  part  of  inanimate  creation, 
both  on  account  of  their  extreme  minute- 
ness, and  the  inconceivable  velocity  with 
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which  they  travel  from  the  sun,  viz.  at  the 
rate  of  half  a million  of  miles  in  a minute. 

A consideration  also  which  may  justly 
excite  our  wonder  is  that  the  largest  objects 
are  painted  in  our  eves  extremely  small, 
and  yet  we  see  every  thing  according  to  its 
real  size.  How  is  it  that  we  see  at  one  and 
the  same  instant,  a multitude  ot  houses, 
churches,  and  other  large  buildings,  so  com- 
pletely distinct,  since  they  are  all  painted  on 
the  small  space  contained  on  the  retina  ot 
the  eye  ? 

Another  curious  circumstance  is,  that 
having  two  eyes,  on  both  of  which  the  same 
picture  is  painted,  yet  we  do  not  see  double; 
in  looking  upon  the  sun  or  moon,  though 
the  image  is  distinctly  formed  on  each  eye, 
vet  we  see  but  one  sun  or  one  moon,  and  so 
of  all  other  objects.  The  habit  ot*  seeing, 
from  our  earliest  infancy,  leads  us  to  over- 
look the  difficulties  in  the  operation,  and  to 
suppose  it  a thing  extremely  simple  and  easy 
to  comprehend.  Nevertheless  the  wisest 
philosopher  has  never  yet  been  able  satisfac- 
torily to  explain  the  manner  in  which  we 
see  objects. 

But  though  there  is  much  for  which  the 

wisest 


INTRODUCTION'.  vll 

wisest  anion?  us  cannot  account  on  this 
subject,  yet  we  can  explain  the  mechanical 
mode  of  vision  by  a very  easy  experiment. 
Darken  a room  as  completely  as  possible, 
and  then  let  the  light  be  admitted  by  a small 
hole ; if  the  weather  be  very  clear,  you  will 
see  on  the  wall  of  the  room,  a picture  of  all 
those  external  objects  which  are  opposite  to 
the  hole.  The  image  of  the  objects  that  are 
stationary,  as  trees,  houses,  &e.  will  appear 
fixed  ; while  the  images  of  those  that  are  iu 
motion  will  be  seen  to  move.  Now  the  same 
thing  that  takes  place  on  the  wall,  happens 
with  regard  to  the  eye,  the  images  are 
painted  upon  it*  ot  those  that  aie  station 
ary,  the  picture  is  at  rest ; but  with  regard 
to  moving  ones,  the  picture  moves  on  the 
eye  as  it  does  on  the  wall.  ^ ou  will  ob- 
serve that  the  image  of  every  object  paint- 
ed on  the  wall  is  inverted,  because  the  rays 
cross  one  another  at  their  entrance  at  the 
small  hole,  and  people  will  appear  to  be 
walking  on  their  heads,  and  those  going  on 
one  side  of  the  way,  will,  on  the  wall,  seem 
to  be  walking  in  the  opposite  direction. 

Now  the  same  certainly  happens  to  the  eye, 

and 
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and  it  is  a matter  of  astonishment,  that  we 
nevertheless  see  objects  in  their  proper  and 
natural  position  though  the  image  of  them 
is  inverted  on  the  eye. 
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ciiap.  i. 

OF  THE  STRUCTURE  OF  THE  DIFFERENT  KINDS 
OF  MICROSCOPES. 

B’i  a microscope  we  understand  an  in- 
strument for  viewing  small  objects,  render- 
ing those  visible  which  would  be  otherwise* 
imperceptible.  There  are  many  kinds  of  mi- 
croscopes, which  vary  in  their  structure  ac- 
cording to  the  fancy  of  the  artist;  but 
there  are  only  three  grand  distinctions  in 
principle,  namely,  the  single,  the  compound , 
and  the  solar  microscopes.  The  single  mi- 
croscope consists  of  one  lens  only;  the  com- 
pound microscope  consists  of  two  or  more 
lenses ; and  the  solar  microscope  is  used  in 
a dark  room,  the  object  being  illuminated 
by  the  sun’s  rays  and  a small  retlector  or 
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looking-glass.  1 hese  instruments  assist  the 
eyes  in  examining  the  minute  parts  ot  crea- 
tion, and  bring  into  view  wonders  ot  a dif- 
ferent, thougli  not  ot  a less  extiaordinai  v 
nature,  than  those  perceived  by  the  tele- 
scope. They  exhibit  the  animal  economy 
to  be  as  perfect  in  the  mite  as  in  the  ele- 
phant. 

The  human  eye  is  so  constituted,  that  in 
general  we  cannot  see  an  object  very  dis- 
tinctly when  it  is  nearer  the  eye  than  about 
five  or  six  inches  ; and  if  we  bring  it  much 
nearer  than  this,  it  becomes  quite  confused. 
The  design  of  the  single  microscope  is 
simply  to  enable  us  to  view  objects  neaici 
than  can  be  done  by  the  naked  eye,  be- 
cause the  apparent  magnitude  of  any  object 
becomes  greater  the  nearer  it  is  brought  to 
the  eye.  Of  this  we  may  be  convinced  by 
a very  simple  experiment ; and  though  rea- 
dily made,  and  calculated  to  carry  con- 
viction to  the  mind,  is  rarely  mentioned 
in  books  that  treat  on  this  subject.  Make 
a small  hole  with  a needle  or  pin  in  a sheet 
of  brown  paper,  look  through  this  at  any 
object,  as  the  print  of  a book  : at  the  com- 
mon distance  for  reading,  no  visible  change 
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takes  place  in  the  size  of  the  letters;  hut 
bring  the  paper  and  the  eye  within  an  inch 
or  two  of  the  hook,  and  the  print  is  very 
much  magnified.  That  is,  the  smallness  of 
the  hole  admits  comparatively  only  a few 
rays  of  light  to  the  eye,  by  which  it  is  enabled 
to  see  the  letters  in  the  book,  or  any  other 
object,  much  nearer  than  it  could  without 
the  intervention  of  the  brown  paper ; and, 
as  we  said,  the  nearer  the  object  is  brought 
to  the  eye,  the  greater  will  be  its  apparent 
magnitude.  This,  therefore,  may  be  called  a 
sort  of  single  microscope  without  the  in- 
terposition of  any  lens. 

When,  however,  a lens  is  interposed  be- 
tween the  object  and  the  eye,  the  effect  i* 
more  perfect;  for,  by  the  help  of  this,  we 
unite  in  the  same  sensible  point  a great 
number  of  rays,  proceeding  from  one  point 
of  an  object;  and  as  each  ray  carries  with 
it  the  image  of  the  point  from  whence  it 
proceeded,  all  the  rays  united  must  form 
an  image  of  the  object  from  whence  they 
were  emitted.  This  image  is  brighter , in 
proportion  as  there  are  more  rays  united  ; 
and  more  distinct  in  proportion  as  their  na- 
tural order  is  preserved.  In  other  words,  a 
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single  microscope  removes  the  contusion 
that  accompanies  objects  when  seen  very 
near  the  eye;  and  it  magnifies  the  diameter 
of  the  object  in  the  proportion  of  th e focal 
distance , to  the  limit  of  distinct  vision, 
which  is  reckoned  eight  inches.  Thus,  it 
the  semi-diameter  of  a convex  lens  be  half 
an  inch,  which  is  also  its  focal  distance,  the 
magnifying  power  of  such  a lens  is  as  8 to 
J,  or  as  Id  to  1 ; that  is,  the  length  of  the 
image  will  appear  sixteen  times  larger  than 
the  length  of  the  object  itself.  If  instead 
of  half  an  inch  it  were  only  a quarter  or  a 
tenth  of  an  inch,  in  the  former  case  the 
magnifying  power  would  be  as  8 to  5,  or 
as  3*2  to  ] ; in  the  latter  it  would  be  as 
8 to  Vo,  or  as  80  to  i.  Hence  it  follows,  (as 
the  distance  of  eight  inches  always  remains 
the  same)  that  the  smaller  the  focal  dis- 
tance, or,  which  is  the  same  thing,  the 
smaller  the  little  globule  that  is  used  as  a 
lens,  the  greater  will  be  its  magnifying 
power. 

A drop  of  water  is  a microscope  of  this 
kind  ; for  if  a small  hole  be  made  in  a plate 
of  metal,  or  other  thin  substance,  and  care- 
fully filled  with  a drop  of  water,  small  ob- 
jects 
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jects  may  be  seen  through  it  very  dis 
tinctly,  and  magnified.  Small  globules  or 
glass  are  much  more  convenient,  and  bet 1 1 1 
adapted  to  use : and  as  these  have  been 
found  very  fit  for  the  purpose,  we  may  point 
out  the  mode  by  which  they  are  made. 

Take  a very  thin  slip  of  clear  glass,  and 
melt  it  in  the  flame  of  a candle  or  lamp  and 
draw  it  out  into  exceedingly  fine  threads. 
Melt  the  end  of  one  of  these  threads  in  the 
same  flame  till  it  run  into  a small  drop, 
which,  when  cool,  may  be  fixed  in  a thin 
plate  of  brass  or  silver,  so  that  the  middle 
of  it  may  be  directly  over  the  center  of  a 
very  small  hole  made  in  this  plate.  By 
these  very  simple  means,  Dr.  Hooke  says, 
he  was  able  to  distinguish  the  particles  of 
bodies  not  only  a million  times  smaller  than 
a visible  point,  but  even  to  make  those  vi- 
sible, of  which  a million  of  millions  would 
hardly  makeup  the  bulk  of  the  smallest  vi- 
sible grain  of  sand. 

The  compound  microscope  consists  of,  at 
least,  two  convex  lenses,  an  object-glass 
and  an  eye-glass.  By  the  former,  the  image 
of  the  object  is  formed,  which  image  the 
eye  is  enabled  to  view  distinctly,  at  a near 
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distance,  by  the  help  of  t he  latter.  Through 
this  microscope,  an  object  appears  magni- 
fied on  two  accounts  ; for,  first,  the  image 
itself  is  larger  than  the  object  ; and,  se- 
condly, .we  are  able  to  view  it  distinctly  at 
a less  distance.  It,  for  instance,  the  image 
be  twenty  times  larger  than  the  object,  and 
if  by  the  help  of  the  eye-glass  we  are  en- 
abled to  view  it  five  times  nearer  than  we 
could  have  done  with  the  naked  eye,  it  will 
on  both  accounts  together  be  magnified  5 
times  20,  or  100  times.  These  kind  of  mi- 
croscopes have  usually  two  e}7e-glasses, 
which  give  a much  larger  field  of  view,  and 
likewise  increase  their  magnifying  power. 

The  first  plate  is  a representation  of  a 
compound  microscope,  with  the  apparatus 
that  is  usually  sold  with  it.  The  large  figure 
represents  the  microscope,  which  is  made  of 
brass,  and  about  eleven  or  twelve  inches  in 
height.  In  the  large  tube  A,  a smaller  one 
B,  containing  the  lenses,  slides  up  and 
down.  At  the  upper  part  a are  contained 
two  eye-glasses  combined  together,  and  at- 
the  lower  part  If  the  magnifiers  are  screwed. 
With  a micioscope  of  tlns^kind  there  are 
four,  five,  or  six  magnifiers,  marked  1,  2,  3, 

See. 
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&c.  No.  1.  being  that  which  magnifies 
the  least,  and  No.  6 that  which  magnifies 
the  most.  Underneath  the  magnifier  is  c, 
a kind  of  spring  placed  to  receive  the 
sliders,  such  as  that  represented  by  Fig.  2- 
C is  a glass  concave  mirror  which  turns  all 
ways  to  retlect  the  light  from  a window  or 
candle  through  the  hole  c into  the  body  B. 

Fig-  3.  represents  nippers  for  holding  or 
supporting  living  insects,  seeds,  &c.  b> 
means  of  the  pin  p it  is  fitted  to  the  hole  d 
of  the  stage,  Fig.  1.  and  either  end,  with  the 
object,  may  be  readily  brought  under  the 

magnifier  b. 

Fig.  4'  is  a small  glass  tube  capable  ol 
containing  a live  fish,  in  order  to  observe 
the  circulation  of  the  blood.  Fluids  of  any 
kind  may  also  be  put  into  it ; and  when 
corked  at  the  open  end,  it  is  to  be  brought 
to  the  spring  wire  under  the  stage  d. 

Fi(r.  5-  is  a brass  hollow  cone  to  be  occa- 
sionally placed  under  the  stage  d to  dimi- 
nish the  quantity  of  light  reflected  from 
the  mirror  C. 

Fig.  b.  is  a pair  of  brass  forceps  to  take 

up  any  minute  object. 

Fig.  7.  represents  a round  piece  of  glass, 

which 
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>vhich  is  to  be  applied  to  the  center  of  the 
stage  when  the  slider  holder  is  removed. 
There  is  also  fitted  to  the  same  hole  a con- 
cave glass  to  combine  with  this,  so  that 
animalcules,  small  transparent  living  ob- 
jects, See.  may  be  secured,  and  viewed  in  a 
proper  manner. 

Having  described  the  several  parts  of  the 
microscope,  it  is  unnecessary  to  say  any 
thing  about  its  use,  as  a young  person  will 
learn  this  the  best  by  once  seeing  it  in  the 
hands  of  some  experienced  person. 

I he  soldi'  microscope  is  the  last  that  seems 
necessary  to  be  described  in  this  little  work. 
In  this  instrument,  which  is  much  the  plea- 
santest for  general  use,  the  image  of  the 
object  is  thrown  upon  a screen  in  a dark- 
ened room,  and  the  picture  thus  formed 
will  be  larger  than  the  object,  in  propor- 
tion to  the  distance  of  the  screen  from  it; 
so  that  a small  object,  such  as  a mite,  may 
be  magnified  to  the  size  of  eight  or  ten 
feet  in  diameter. 

The  solar  microscope  is  composed  of  a 
tube,  a looking-glass,  a convex  Jens,  and  a 
common  microscope.  The  tube  is  made  of 
brass,  about  two  inches  in  diameter,  which, 
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turning  round  at  pleasure  in  a square  frame, 
may  be  easily  adjusted  to  a hole  in  the 
shutter  of  a window,  in  such  a manner,  that 
no  light  can  pass  into  the  room  hut  through 
the  tube.  The  looking-glass  is  fastened  to 
the  frame  by  hinges,  on  which  it  may  be 
turned  all  ways  to  throw  the  sun’s  rays 
through  the  tube  into  the  darkened  room. 
The  end  of  the  brass  tube,  without  the  shut- 
ter, has  a convex  lens,  to  collect  the  rays, 
and  bring  them  to  a focus,  and  on  the  end 
within  the  room  a small  microscope  is 
screwed,  with  the  object  to  be  examined 
applied  to  it  on  a slider.  The  sun’s  rays 
being  directed  by  the  looking-glass  through 
the  tube  upon  the  object,  the  image  or  pic- 
ture ot’  the  object  is  thrown  distinctly  and 
beautifully  upon  a screen  of  white  paper,  & c. 
and  may  be  magnified  to  almost  any  size. 


3 5 


CHAP. 


JO 


Wonders  of  the  microscope. 


CHAP.  IL 

OF  THE  DISCOVERIES  MADE  BY  THE  ASSISTANCE 
OF  THE  MICROSCOPE. 

iVXlCROSCOPES  have  brought  us  ac- 
quainted with  a new  world  of  vegetables 
and  animals,  and  have  demonstrated  to  the 
careful  observer,  that  there  is  no  less  of  or- 
der and  harmony  in  the  construction  of  the 
mite,  than  in  that  of  the  whale  or  the  ele- 
phant. The  only  difference  is,  that  the  weak- 
ness of  our  sight  prevents  us  from  pene- 
trating into  the  nature  and  organization  of 
small  bodies,  which  often  escape  our  eyes, 
and  which  can  only  be  perceived  by  the 
assistance  of  glasses.  These  teach  us,  that 
the  smallest  objects,  of  which  our  forefa- 
thers had  not  the  least  knowledge,  have  ex- 
tension, parts,  and  a well  organized  form. 
The  mention  of  some  examples  will  lead  us 
to  acknowledge  the  power,  wisdom,  and 
goodness  of  that  God  upon  whom  we  all 
depend  for  existence  and  happiness. 

Grains  of  sand,  which  appear  of  the  same 
form  by  the  naked  eye,  will,  when  seen 

through 
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through  a microscope,  exhibit  different 
shapes  and  sizes.  Some  are  perfectly  glo- 
bular, others  square,  others  conical,  and  for 
the  most  part  they  are  irregular.  But  what 
is  still  more  surprising,  the  cavities  in  these 
small  grains  of  sand  have  been  found,  by 
the  microscope,  to  contain  insects  ot  \u- 
rious  kinds.  In  cheese  that  is  decayed, 
there  are  a multitude  of  little  worms  called 
mites,  which,  to  the  naked  eye  appeal  like 
moving  particles  without  shape  or  order ; 
but,  by  the  help  of  the  microscope,  they 
are  found,  as  we  shall  see  hereafter,  to  be 
of  a very  curious  and  singular  figure.  1 hey 
have  not  only  eyes,  mouth,  and  teet,  but  a 
transparent  body,  furnished  with  long  hair, 
in  the  form  of  prickles. 

The  mouldy  substance  which  sticks  to 
damp  bodies,  exhibits  a region  of  minute 
plants;  sometimes  it  puts  on  the  appearance 
of  a forest  of  trees,  in  which  the  branches, 
leaves,  flowers,  and  fruits  can  be  clearly 
distinguished.  Some  of  the  flowers  have 
long,  white,  transparent  stalks;, before  they 
open,  the  bud  is  but  a little  green  ball, 
which  becomes  white  as  it  blows.  The  par- 
ticles of  dust  which  cover  the  wings  of 

b 6 the 
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the  butterfly,  are  proved  by  the  microscope 
to  be  beautiful  and  well-arranged  little  fea- 
thers : 

In  down  of  ev’ry  variegated  dye, 

Shines  fluttering  soft  the  gaudy  butterfly; 

That  powder  which  thy  spoiling  hand  disdains, 

1 he  form  of  quills  and  painted  plumes  contains; 

Not  courts  in  more  magnificence  express, 

In  all  their  blaze  of  gems,  and  pomp  of  dress. 

Brown*. 

And  if  we  examine  by  the  same  instru- 
ment, the  surface  of  our  skin,  it  will  be  found 
to  resemble  the  scales  of  a fish  ; and  so  mi- 
nute are  these  scales,  that  it  lias  been  com- 
puted a single  grain  of  sand  would  cover 
‘250  of  them,  and  that  a single  scale  covers 
500  pores,  through  which  the  insensible 
perspiration,  so  necessary  to  our  health,  Is 
continually  going  on  ; therefore,  according 
to  this  calculation,  a single  grain  of  sand  is 
large  enough  to  cover  125,000  pores  of  the 
human  body. 

V 

Hie  microscope  displays  to  us,  in  each 
object,  a thousand  others  which  escaped 
our  knowledge.  Yet,  in  every  object  dis- 
covered by  this  instrument,  others  yet  re- 
main unseen,  which  the  microscope  itself 


can 
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can  never  bring  to  notice.  What  wonders 
should  we  see,  if  we  could  continually  im- 
prove those  glasses,  which  are  invented  for 
the  assistance  of  our  sight.  Imagination 
may,  in  some  measure,  supply  the  defect  of 
our  eyes,  and  make  it  serve  as  a mental  mi- 
croscope to  represent  in  each  atom  thou- 
sands of  new  and  invisible  worlds. 

IIow  many  objects  in  nature  are  con- 
cealed from  our  view ! What  we  know  is 
very  small  in  comparison  of  the  whole  of 
the  works  of  the  Almighty  ; but,  imperfect 
as  our  knowledge  is,  we  are  sure  that  the 
Creator  has  displayed  as  much  wisdom  in 
the  formation  of  the  least  objects,  as  in 
the  greatest.  He  provides  with  the  same 
kind  and  parental  care  for  the  wants  of  the 
insect  that  crawls  in  the  dust,  as  for  the 
whale,  which  appears  as  a huge  mountain 
in  the  mighty  seas.  In  this  may  wre,  may 
the  young  in  particular,  imitate  the  example 
of  the  Deity,  by  shewing  kindness  and  hu- 
manity to  every  living  creature,  since,  as 
they  are  worthy  of  His  care,  they  ought 
not  to  be  ill-treated  by  us : 

Nor  power  alone  confess’d  in  grandeur  lies. 

The  glittering  planet,  or  the  painted  skies  ; 

. * / . i 
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EquaPthc  elephant’s  or  emmet’s  dress. 

The  wisdom  of  Omnipotence  confess  ; ^ 

Equal  the  cumbrous  whale’s  enormous  mass, 

With  the  small  insect  in  the  crowded  grass; 

The  mite  that  gambols  in  its  acid  sea, 

In  shape  a porpoise,  tho’ a speck  to  thee! 

E’en  the  blue  down  the  purple  plum  surrounds, 

A living  world,  thy  failing  sight  confounds  1 
To  thee  a peopled  habitation  shows, 

Where  mijlions  taste  the  bounty  God  bestows. 

Boyce. 


i 
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CHAP.  III. 

THE  SAME  SUBJECT  CONTINUED. 

Xn  contemplating  the  works  of  God,  we 
trace  the  effects  of  His  wisdom  and  good- 
ness, not  only  in  the  system  of  the  universe, 
but  also  in  the  minutest  parts  of  the  crea- 
tion. Divine  wisdom  is  as  evidently  display- 
ed in  the  spider’s  web  as  in  those  laws  which 
connect  the  sun  and  the  planets  which  re- 
volve around  him.  The  microscope  disco- 
vers to  the  attentive  observer  new  worlds, 
in  which  he  beholds,  in  miniature,  all  that 
can  excite  his  wonder,  and  lay  claim  to 
religious  reverence.  Those  who  have  not 
the  opportunity  of  examining  the  curious 
objects  displayed  by  the  microscope  will 
be  glad  to  know  what  has  been  seen  by 
others,  and  what  they  themselves  may  here- 
after contemplate  with  delight. 

Consider  the  mosses  and  the  grass  with 
which  the  earth  is  covered,  as  with  a car- 
pet ; of  how  many  threads  and  small  par- 
ticles 
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tides  are  those  plants  composed,  and  into 
which  they  may  be  divided.  If  the  particles 
of  water  are  so  small,  that  millions  of  ani- 
malcules may  be  suspended  on  the  point 
of  a needle,  how  many  must  there  be  in  the 
rivers  and  seas  which  cover  so  large  a part 
of  the  earth  ? If  from  a lighted  candle  there 
issue,  in  a minute,  many  more  particles  of 
light  than  there  are  grains  of  sand  in  the 
whole  earth,  what  must  be  the  number  that 
flow  in  a day,  or  a year,  or  a century,  from 
the  immense  body  of  the  sun  ? How  inde- 
finitely small  must  those  particles  of  odo- 
riferous bodies  be  which  fill  large  spaces 
with  their  odour,  for  days  and  even  weeks, 
without  any  sensible  loss  of  their  weight  ? 

Let  us  pass  to  the  animated  creation.  In 
a summer’s  evening  the  air  swarms  with 
living  creatures.  Each  drop  of  stagnant 
water  contains  a little  world  of  animated 
beings.  On  each  leaf  of  a tree  is  seated  a 
colony  of  insects  : every  plant,  every  flower, 
affords  food  for  millions  of  creatures.  Every 
person  capable  of  observation  and  reflec- 
tion must  have  seen  the  innumerable  swarms 
of  flies,  gnats,  and  other  insects  collected 

together 
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together  within  their  view,  in  the  compass 
of  a few  yards ! what  prodigious  shoals 
must  there  be  over  the  whole  earth,  and  in 
the  immense  expanse  of  the  atmosphere  ! 
IIow  many  millions  of  still  smaller  insects 
and  worms  are  crawling  on  the  ground,  or 
living  beneath  its  surface  ! 

The  artificial  convex  will  reveal 

The  forms  diminutive  that  each  conceal ; 

Some  so  minute,  that,  to  the  one  extreme, 

The  mite  a vast  leviathan  would  seem ; 

That  yet  of  organs,  functions,  sense  partake, 

Equal  with  animals  of  larger  make. 

In  curious  limbs  and  clothing  they  surpass 
By  far  the  comeliest  of  the  bulky  mass. 

A world  of  beauties!  that  thro’  all  their  frame, 
Creation’s  grandest  miracles  proclaim. 

Browne. 

If  experiments  and  observations,  by 
means  of  the  microscope,  did  not  prove  the 
fact,  could  it  be  imagined  that  there  were 
animals  a million  times  smaller  than  a grain 
of  sand,  and  yet  endowed  with  organs  of 
nutrition,  motion,  &c.  ? There  are  shell- 
fish so  small,  that  even  through  a micro- 
scope, they  scarcely  appear  larger  than  a 

grain 
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grain  of  wheat,  and  these  are  living  ani- 
mals enclosed  in  hard  houses.  How  small 
is  the  mite,  and  yet  this  almost  impercep- 
tible atom,  when  seen  through  a micro- 
cope, is  a hairy  animal,  perfect  in  all  its 
limbs,  active  in  all  its  motions  ; of  a regular 
form,  full  of  life  and  sensibility,  and  pro- 
vided with  all  the  necessary  organs.  This 
animal,  which  is  scarcely  visible  to  us,  is 
made  up  of  parts  which  are  indefinitely 
smaller  than  the  whole.  Iiow  minute,  for 
instance,  must  the  particles  of  those  fluids 
be  which  circulate  through  the  veins  of  such 
animalcules ! 

One  circumstance  deserving  our  highest 
regard  is,  that  the  glasses  which  discover  so 
many  defects  in  the  best  finished  produc- 
tions of  human  ingenuity,  shew  us  nothing 
in  these  microscopic  natural  objects  but  re- 
gularity and  perfection.  How  inconceiV' 
ably  fine  are  the  spider’s  threads  ! thou- 
sands of  these  threads  would  scarcely  make 
the  thickness  of  common  sewing  silk.  These 
are  but  a few  of  the  objects  which  might 
be  enumerated  to  engage  our  attention  in 
this  important  pursuit.  Our  imagination 
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is  lost  in  the  two  extremes  of  nature,  the 
great  and  the  small,  and  we  know  not  in 
which  most  to  admire  the  Divine  Power, — 
whether  in  those  immense  globes  which 
roll  over  our  heads,  or  in  those  microscopic 
objects  imperceptible  to  unassisted  human 
vision.  Whether  with  a Ilerschel  we  take 
a telescope,  and  compute  the  stupendous 
magnitude  and  velocity  of  a planet;  or  with 
a Hooke  or  a Baker  survey  through  a mi- 
croscope, the  structure  and  conformation 
of  a mite;  in  each  we  are  compelled  to  ad- 
mire and  adore  the  wisdom  and  power  of 
the  Creator, 

Who  gives  its  lustre  to  an  insect's  wing, 

And  wheels  his  throne  upon  the  rolling  worlds. 

Cowper. 

The  knowledge  we  possess  is  enough  to 
excite  in  every  well-disposed  breast  emo- 
tions of  love  and  gratitude  towards  that 
great  and  good  Being  who  has  formed  us 
capable  of  contemplating  the  works  of 
creation,  and  who  has  afforded  us  oppor- 
tunities for  extending  our  speculations  even 
to  periods  and  regions  when  the  assistance 

of 
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of  glasses  will  no  longer  be  needed  to  dis- 
play to  the  senses  the  wonders  of  creation  * 
but  when  we  shall  readily  perceive  the  de- 
sign and  construction  of  every  object,  and 
the  connection  which  each  has  to  others  in 
the  vast  chain  in  which  ourselves  make  so 
small  a part ; and  when  the  distinction  of 
great  and  small  will  be  at  an  end  : for  then 
all  will  be  great  to  us,  and  all  will  fill  us 
with  pious  joy  and  admiration. 


CHAP. 


wonders  of  the  microscope. 


•n 
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OF  TriE  POINT  OF  A SMALL  NEEDLE:  FORMS 
OF  THE  FLAKES  OF  FALLING  SNOW:  OF 

MITES  FOUN  D IN  CIIEESF. : AND  OF  THE  FULL 
POINT  USED  IN  PRINTING. 


We  shall  now  proceed  to  notice  some 
minute  objects  as  seen  through  a micro- 
scope. The  first  is  a piece  of  a small  needle, 
(Plate  II.)  The  point  is  so  sharp  that  the 
naked  eye  is  unable  to  distinguish  any  ot 
its  parts : but  through  a microscope  it  ap- 
pears as  in  the  figure  at  a,  a,  not  round  or 
flat,  but  uneven  and  irregular.  The  piece 
here  represented  is  about  one-twentieth  part 
of  an  inch  in  length ; and  to  the  naked  eye 
it  appeared  perfectly  smooth  and  polished ; 
but  being  magnified,  what  a multitude  of 
holes  and  scratches  are  discovered!  IIow 
rough  the  surface  ! how  void  of  beauty  ! 
and  how  plain  a proof  the  deficiency  of  art, 
whose  productions,  when  most  laboured, 
if  examined  with  organs  more  acute  than 
those  by  which  they  were  framed,  lose  all 
their  fancied  perfection ! Whereas,  as  we 

shall 
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shall  see  in  the  works  of  nature,  the  farther 
our  discoveries  reach,  the  more  sensible  we, 
become  of  their  beauties  and  excellencies, 

A B C represent  small  holes  and  rough- 
nesses like  those  eaten  into  an  iron  bar  by 

V 

rust  and  length  of  time.  D is  some  body 
sticking  to  it  by  accident,  b b b shew  the 
end  where  the  small  piece  of  the  needle  was 
broken  off,  in  order  to  take  a better  view 
of  it. 

As  sharp  as  a needle — is  a common  phrase, 
by  which  we  intend  to  express  the  most  ex- 
quisite degree  of  sharpness ; and  indeed  a 
needle  has  the  most  acute  point  which  art 
is  capable  of  making,  rude  and  clumsy  as 
it  appears  when  examined  by  the  micro- 
scope. This  instrument  exhibits  to  us  num- 
berless instances  in  the  hairs,  bristles,  and 
claws  of  insects,  and  also  in  the  thorns, 
hooks,  and  hairs  of  vegetables,  of  visible 
points  many  thousand  times  sharper,  with  a 
form  and  polish  that  proclaim  the  omnipo- 
tence of  their  Maker: 


Thy  microscopic  glass,  admiring,  bring, 

And  view  the  humble  hornet’s  sharpen’d  sting; 
Then  on  the  slenderest  needle  turn  the  eye, 
And  the  vast  difference  in  their  points  descry: 


This 
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Tin  y view’d,  more  polish'd  seems,  acuter  far, 

That,  rough  as  from  the  forge  some  blunted  bar. 

Clod’s  smallest  work  all  human  skill  degrades, 

foils  the  lost  man,  and  sinks  his  worth  in  shades. 

Brown  e. 

The  works  of  nature  are  no  less  admi- 
rable for  their  variety  than  for  their  beauty ! 
even  in  such  things  as  appear  the  most  alike, 
a strict  examination  will  discover  differences 
beyond  all  human  conception.  We  have 
observed  that  no  two  grains  of  sand  are 
exactly  similar;  and  flakes  of  snow  afford 
an  amazing  variety  of  configuration,  beauty, 
and  size. 

Dr.  Hooke  tells  us,  that  catching  the 
falling  snow  on  a black  hat,  or  a piece  of 
black  cloth,  he  first  observed  the  curious 
figures  of  its  flakes;  and  he  presents  us, 
out  of  a great  variety,  with  the  several 
beautiful  forms  given  in  Plate  II.  Every 
flake  consists  of  six  principal  branches  or 
stems,  all  of  equal  length,  shape,  and  make, 
issuing  from  a centre.  These  stems  in  the 
same  flake  are  commonly  of  the  same  make 
exactly,  but  different  in  different  flakes; 
insomuch  that  Dr.  H.  says,  he  has  ob- 
served above  a hundred  different  forms  and 


sizes 
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sizes  of  these  star-like  flakes  fall  in  a very 
little  time. 

The  rays  which  branch  out  from  every 
stem  in  the  same  flake  are  so  exactly  alike, 
that  by  observing  the  configuration  of  any 
one  stem,  one  may  know  certainly  the 
figures  of  the  other  side. 


A Cheese-Mite  with  its  Back  uppermost. 

There  are  several  species  of  minute  crea- 
tures, which,  from  their  extreme  smallness 
and  some  resemblance  in  form,  are  called 
by  the  general  name  of  Mites. 

The  first  figure  represents  one  of  the 
mites  found  in  cheese,  placed  in  a crawling 
posture  with  the  back  part  uppermost.  The 
shape  is  a kind  of  oval,  but  more  obtuse 
at  the  tail-end.  It  has  three  regions,  or 
parts,  as  in  the  larger  insects.  The  hinder 
part  A,  seems  covered  with  one  entire  shell, 
so  curiously  polished,  that,  as  in  a convex 
mirror,  it  shews  the  picture  of  all  the  ob- 
jects round  about.  The  middle,  or  chest, 
seems  divided  and  covered  with  two  shells, 
which  running  one  within  the  other,  the 
mite  is  able  to  draw  in  or  thrust  out  as  it 

finds 
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finds  occasion ; and  it  can  do  the  same 
with  its  snout. 

The  whole  body  is  of  a pearl  colour,  and 
transparent;  so  that  different  motions  of 
the  intestines  may  he  discerned.  Several 
long  white  hairs  grow  in  different  places, 
some  of  which  are  longer  than  the  whole 
animal.  They  all  appear  straight  and  pli- 
able, excepting  two,  that  issue  from  the 
head,  which  seem  to  be  the  horns. 

A Cheese-Mite  with  its  Back  downwards. 

The  second  figure  shews  a mite  that  was 
somewhat  larger  than  the  former,  fixed  on 
the  back  part  of  its  tail,  with  a design  of 
exhibiting  the  insertion  of  the  legs. 

To  the  small  end  of  the  oval  body  the 
head  is  fastened,  in  which  a pair  of  eyes  may 
be  distinguished,  appearing  like  two  dark 
specks.  The  mouth  resembles  that  of  a 
mole,  opening  and  shutting  occasionally, 
and  when  open  appearing  red  within.  It  has 
little  bristles  at  the  snout,  and  if  viewed  at 
a proper  time,  it  is  seen  munching  and 
chewing  the  cud  like  a Guinea-pig. 

It  is  furnished  with  eight  well-shaped 
and  proportioned  legs,  covered  with  a very 

c % transparent 
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transparent  shell;  each  leg  has  eight  joints, 
h inged  with  several  small  hairs.  The  struc- 
ture of  the  joints  is  the  same  as  in  crabs 
and  lobsters,  and  each  lee;  is  armed  with  a 
very  sharp  claw  at  its  end.  Four  of  these 
legs  are  so  placed  as  to  move  the  body  for- 
wards ; the  other  four,  by  being  disposed 
in  a contrary  direction,  are  able  to  draw  it 
backward  when  there  is  occasion. 

'Mites  appear  to  the  naked  eye'  like  dust 
in  motion  ; the  sharpest  sight  is  unable  to 
distinguish  their  parts,  unless  assisted  by 
glasses.  The  females  lay  eggs,  from  which 
very  small  mites  are  hatched,  of  the  same 
shape  as  their  parents.  These  creatures 
shed  their  skins  several  times,  and  increase 
in  size,  but  never  change  their  form.  A 
mite's  egg  is  not  more  than  a four  or  live- 
hundredth  part  of  the  size  of  a well  grown 
mite,  and  such  mites  are  not  much  above 
one-hundredth  part  of  an  inch  in  thick- 
ness : so  that,  according  to  this  wav  of 
reckoning,  a million  of  full-grown  mites 
may  be  contained  in  a cubic  inch,  and  live 
hundred  times  as  many  of  their  eggs. 

For  these  amazing  discoveries  we  are  in- 
debted  wholly  to  the  powers  of  the  micro- 
scope. 
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scope.  This  instrument  has  given  to  the 
human  race  a new  sense,  anti  displays  to  us 
wonders  never  thought  of  by  former  ages. 

Insignificant  as  the  mite  may  appear  to 
us,  it  is,  with  regard  to  the  cheese  on  which 
it  lives,  as  large  and  considerable  as  a man 
upon  the  earth.  The  insects  that  feed  upon 
leaves,  are,  says  a good  writer,  no  bad  re- 
presentation of  oxen  grazing-  on  immense 
pastures;  and  the  animalcules,  in  a drop  of 
water,  swim  about  with  as  much  freedom  as 
whales  do  in  the  mighty  ocean. 

The  remaining  figure  in  this  plate  repre- 
sents the  dot  produced  in  printing,  which 
to  the  naked  eye  is  perfectly  round  and  well 
defined,  but  seen  through  a microscope,  like 
the  point  of  a needle,  it  exhibits  the  imper- 
fections of  art  when  compared  with  the  pre- 
cision of  nature. 

Search  tin*  least  path  creative  pow’r  has  trail; 

How  plain  the  foot. stop:'  of  th’  apparent  (rod! 

Hi-  art  could  organs,  strength,  and  sense  implant 
In  the  small  agile  fly,  and  reptile  ant: 

In  the  mean  mite,  so  much  minuter  still, 

Thy  finger’s  pressing  point  may  millions  kill'. 

HilOWVE. 
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ciiap.  v. 

\ 

or  A FLEA,  AS  SEEN  THROUGH  A MICROSCOPE. 

rP 

1 HOUGH  the  flea  is  almost  universally 
known  to  be  a small  brown  skipping  animal, 
yet  very  few  are  acquainted  with  its  real 
shape  and  figure,  with  the  structure, 
strength,  and  beauty  of  its  limbs  and  va- 
rious parts,  .or  with  the  manner  of  its  gene- 
ration and  increase  ; circumstances  which 
could  never  have  been  discovered  but  by 
the  assistance  of  the  microscope. 

The  body  of  this  creature  is  of  an  oval 
form,  composed  of  several  shelly  scales,  or 
divisions,  most  curiously  jointed,  and  fold- 
ing over  one  another  ; those  that  cover  the 
back  meeting  those  that  cover  the  belly,  on 
each  side  of  the  body,  and  lying  alternately 
over  one  and  under  another  of  them.  Its 
neck  is  finely  arched,  much  resertibling  a 
lobster's  tail  in  shape,  moving  too,  like  that, 
very  nimbly,  by  means  of  the  jointing  and 
folding  over  the  scales  that  cover  it. 

The  head  is  small  and  shelly,  having  on 

each 
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each  side  a quick,  round,  and  beautiful 
black  eye,  marked  K in  the*  plate,  in  the 
middle  of  which  may  be  seen  a round 
blackish  spot,  which  is  the  pupil  of  the  eye, 
encompassed  with  a greenish  glittering 
circle  or  iris,  as  bright  and  vivid  as  the  eve 
of  a cat. 

Behind  each  eye  a small  cavity  appears 
at  L,  which  in  a certain  thin  film,  beset  with 
many  small  transparent  hairs,  may  be  ob- 
served moving  to  and  fro  ; this  is  probably 
the  ear. 

From  the  snout  part  proceed  the  two 
fore-legs,  and  between  them  are  two  long 
small  feelers  or  smellers  M M.  Each  of  them 
lias  four  joints  and  abundance  of  little  hairs. 
Just  below,  and  almost  between  these  horns, 
lies  the  proboscis  or  piercer  NNO,  consist- 
ing of  a tube  NN,  and  a tongue  or  sucker 
O,  which  can  be  put  out  or  drawn  in  at 
pleasure.  It  has  also  two  chaps  or  biters, 
shaped  somewhat  like  the  blades  of  a pair 
of  round  topped  scissars,  appearing  to  open 
and  shut  after  the  same  manner.  The  Ilea, 
with  these  instruments,  penetrates  the  skin 
of  living  creatures,  and  leaves  a round  red 
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spot  behind  it,  which  we  commonly  term  a 
hea-bite. 

All  the  shells  and  scaly  covering’s  of  this 
small  insect  are  most  exquisitely  polished, 
and  in  colour  they  resemble  line  tortoise- 
shell ; the  scales  on  the  back  and  belly  have 
each  of  them,  along*  its  middle,  a row  of 
strong  sharp  bristles  pointing  towards  the 
tail,  like  the  quills  of  a porcupine,  and  in 
proportion  to  the  animal  they  are  as  large. 
The  neck  and  shoulders  are  likewise  armed 
in  the  same  manner,  and  great  numbers  of 
bristles  are  placed  about  the  tail. 

But  the  curious  structure  and  contriv- 
ance of  its  legs  are  more  particularly  de- 
serving our  examination  and  praise;  being- 
such  as  have  not  been  discovered  in  any 
other  creature,  and  are  adapted  peculiarly 
to  the  exigencies  of  the  flea:  for  ns  it  lives 
by  sucking  human  blood,  or  the  blood  of 
other  animals,  which  cannot  be  obtained 
without  inflicting  wounds  and  causing  pain, 
which  must  necessarily  produce  resentment 
and  a desire  of  revenge,  it  was  absolutely  re- 
quisite that  the  little  invader  should  have 
some  ready  means  of  escape,  since  every 
meal  must  otherwise  be  paid  for  with  its 

life. 
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life.  As  therefore  it  has  no  wings,  its  safety 
must  be  entirely  owing  to  its  legs;  and  in- 
deed they  are  most  excellently  fitted  for 
this  purpose,  by  folding  a short  one  within 
the  other,  and  then  by  stretching  them  out 
to  their  whole  length  with  a sudden  spiing 
or  jerk,  they  commonly  deliver  the  little 
animal  from  the  danger  ol  a put  suit. 

The  parts  AA  of  the  fore-legs,  lie  within 
the  parts  15  B,  and  those  again  within  the 
upper  and  stronger  parts  CC,  parallel  to,  or 
side  by  side  with  each  other.  Lut  the 
parts  of  the  two  next  legs  are  disposed  di- 
rectly contrary  to  these  ; for  in  them  the 
parts  DD  are  placed  without  the  parts  EE, 
and  the  parts  EE  are  still  more  outwaid  than 
the  parts  FF.  In  the  hinder  legs  the  parts 
G,  H,  and  1,  bend  one  within  another,  hkfe 
the  limbs  of  a double-jointed  rule;  or  likfe 
the  foot,  leg,  or  thigh  of  a man.  When  the 
Ilea  intends  to  leap  he  folds  up  these  six 
leo-s  together,  and  then  throws  them  all  out 
at  the  same  instant;  and  thcieby  exciting 
its  whole  strength  at  once,  lie  carries  his 
little  bodv  to  a considerable  distance.  His 
legs  have  three  principal  and  larger  strong 
parts,  and  below  them  many  small  joints  or 
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divisions,  us  in  the  legs  of  a fly ; from  every 
joint  proceed  long  hairs  or  bristles,  and  each 
boot  is  furnished  with  a pair  of  long  hook- 
ed claws  or  talons,  that  in  his  leaping  he 

may  fasten  and  cling  the  better  to  what  he 
lights  upon. 

Fleas  are  produced  from  eggs,  which  the 
females,  by  a kind  of  glutinous  moisture, 
stick  fast  to  the  roots  of  the  hairs  of  cats, 
dogs,  and  other  animals,  and  also  to  the 
ho°1  in  blankets,  rugs,  and  other  similar 
furniture.  Of  these  eggs  a female  lays  ten 
c r twelve  a day,  for  several  days  succes- 
sively ; and  they  hatch  in  the  same  order 

about  four  or  five  days  after  their  beincr 
laid. 

lr°m  these  eggs  proceed  little  whitish 
worms  or  maggots,  whose  bodies  have  an- 
nuku  divisions,  and  are  thinly  covered  with 
long  hairs.  I hey  adhere  closely  to  the 
body  of  the  animal  on  whose  juices  they 
feed ; or  they  may  be  kept  in  ‘a  box,  and 
brought  up  with  dead  flies,  which  they  eat 
with  greediness.  They  are  very  brisk  and 
nimble,  and  crawl  like  caterpillars,  with  a 
lively  and  brisk  motion. 

After  eleven  clays  from  the  time  of  their 
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being  hatched,  they  forbear  to  eat,  and  lie 
quiet,  seemingly  as  if  dying  : but  it  viewed 
with  a microscope,  they  will  be  found  weav- 
ing a covering  or  bag  round  them,  with  a 
kind  of  silk  emitted  out  of  their  mouths. 
In  this  bag  they  put  on  the  chrysalis  or 
aurelia  form,  and  become  milk-white.  They 
continue  nine  days  under  this  appearance, 
their  colour  darkening  by  degrees,  and  ac- 
quiring firmness  and  strength.  As  soon  a r 
they  issue  from  the  bag  they  are  perfe*'  , 
fleas,  and  are  able  to  leap  away. 

It  has  been  discovered  by  putting  the 
eggs  of  fleas  in  a small  glass  tube,  and  keep- 
ing it  constantly  warm  in  one’s  bosom,  that 
in  summer  they  hatch  in  four  days;  then, 
feeding  the  maggots  with  dead  flies,  in 
eleven  days  they  come  to  the  full  perfection 
of  the  reptile  state  ; then  the  maggot  spins 
its  bag,  and  in  four  days  more  changes  into 
a chrysalis ; after  lying  in  this  condition  nine 
days,  it  becomes  a perfect  flea,  and  in  three 
or  four  days  it  is  capable  of  laying  eggs.-. 
Thus,  in  about  twenty-eight  days,  a flea  may; 
come  from  the  egg  itself,  and  propagate; 
its  kind.  The  vast  increase  of  these  in- 
sects, therefore  will  not  seem  so  surprising,- 
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if  it  be  considered  that  from  March  to  No- 
vember or  December  there  may  be  seven  or 
eight  generations  of  them.  After  having 
laid  their  eggs  they  soon  die,  like  all  other 
creatures  that  undergo  similar  changes. 

A Ilea  may  be  dissected  easily  in  a small 
drop  of  water  upon  a slip  of  glass,  that  may 
then  be  applied  to  the  microscope.  If'  this 
be  done  dexterously,  the  stomach  and  bowels, 
with  their  peristaltic  motion,  may  plainly  be 
s Ntinguished,  together  with  the  veins  and 
arteries,  which  are  minute  beyond  all  con- 
ception. 

Two  things  in  this  creature  merit  consi- 
deration,  namely,  its  surprising  agility,  and 
its  prodigious  strength,  by  which  it  is  en- 
abled to  leap  above  an  hundred  times  its 
own  length.  What  vigorous  muscles  ! and 
how  weak  and  sluggish,  in  proportion  to  its 
own  bulk,  is  the  horse,  the  camel,  or  the 
elephant  ! 

The  same  may  be  said  of  many  other  in- 
sects; a mite,  for  instance,  how  much  swifter, 
comparatively  speaking,  does  it  run  than  the 
racc-lior.se!  A philosopher  has  computed 
the  velocity  of  a little  creature,  scarcely  vi- 
sible by  its  smallness,  which  he  found  to  run 

three 
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three  inches  in  a second  : now,  supposing 
its  feet  to  be  the  fiftieth  part  of  a line,  it 
must  make  five  hundred  steps  in  three 
inches,  that  is,  it  must  shift  its  legs  five  hun- 
dred times  in  a second. 

How  sweet  to  muse  upon  Ilis  skill  display’d, 

Infinite  skill ! in  all  that  he  has  made 
To  trace  in  nature's  most  minute  design, 

The  signature  and  stamp  of  Pow’r  divine; 
Contrivance  exquisite,  express’d  with  ease, 

Where  unassisted  sight  no  beauty  sees; 

The  shapely  limb,  and  lubricated  joint 
Within  the  small  dimensions  of  a point; 

Muscle  and  nerve  miraculously  spun: 

His  mighty  work  who  speaks,  and  it  is  done; 

The  invisible  in  things  scarce  seen  reveal’d, 

To  whom  an  atom  is  an  ample  field. 

Co  Vr  PER. 
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ciiap.  vi. 

OF  THE  LOUSE,  AS  SEEN  THROUGH  THE  MICRO- 
SCOPE. 

In  this  case  (Plate  IV.)  as  in  that  of  the 
flea,  the  figure  of  the  louse  is  magnified  to  so 
great  a degree,  that  every  part  may  be  per- 
fectly known  and  distinguished  ; and,  in- 
deed, the  outer  coats  of  this  creature  are  so 
transparent,  that  the  internal  structure,  dis- 
position, and  motion  of  its  bowels,  and  their 
contents,  may  be  discerned,  by  the  help  of 
good  glasses,  without  any  difficulty.  It  is 
represented  with  its  belly  upwards,  grasping 
a hair  between  its  claws. 

The  head  A bears  a distant  resemblance 
to  a cone,  but  is  a little  flatted  on  the  up- 
per and  under  part.  On  each  side,  where 
the  head  is  widest,  a large  shining  black  eve 
appears,  very  protuberant,  and  encompassed 
with  a number  of  small  hairs.  These  eyes 
BB.  are  situated  a little  behind  the  head, 
in  the  place  where  the  ears  of  other  crea- 
tuies  stand,  and  i\hcre  one  might  expect 

to 
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to  find  the  eyes,  a couple  of  horns  come  out 
CC,  extending-  themselves  in  such  a manner, 
that  they  defend  the  eyes  from  being  in- 
jured by  the  hairs  through  which  they  pass. 
Each  of  these  horns  has  four  joints,  fringed 
with  small  bristles. 

The  head  grows  tapering  from  the  horns 
to  the  top  of  the  snout  D,  which  ends  in  a 
sharp  point,  and  seems  to  be  a tubular  in- 
strument by  which  the  louse  sucks  the 
blood  of  the  animal  it  feeds  and  lives  on  ; 
it  is  likewise  probably  the  sheath  of  a piercer 
that  serves  to  penetrate  the  skin  for  the 
blood  to  issue  out. 

In  the  position  before  us,  there  seems  to 
be  a resemblance  of  chaps  or  jaws,  as  at  the 
letters  EE;  yet,  when  placed  in  another 
view,  those  lines  or  appearances  are  not 
discernible.  Swammerdam  says,  it  has  no 
mouth  that  opens;  and  Dr.  Ilooke  ob- 
serves,that  having  kept  several  of  them  in  a 
box  for  two  or  three  days,  by  which  they 
were  become  extremely  hungry,  upon  let- 
ting one  creep  on  his  hand,  he  found  that 
it  immediately  began  sucking  ; and  though 
it  neither  seemed  to  thrust  its  nose  very 
deep  into  the  skin,  nor  to  open  any  kind  of 

mouth, 
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mouth,  lie  could  plainly  discern  a small 
current  of  blood  passing  directly  from  its 
snout  into  its  belly ; and  there  appeared 
about  A some  contrivance  like  a pump,  a 
pair  of  bellows,  or  heart,  which  by  a very 
swift  and  alternate  dilation  and  contrac- 
tion drew  up  the  blood  from  the  nose  and 
forced  it  into  the  body.  Though  he  viewed 
it  very  attentively  while  sucking,  he  could 
not  perceive  that  any  more  of  its  nose  was 
thrust  into  the  skin  than  the  tip  of  the  snout 
D ; nor  did  it  give  him  the  least  pain,  not- 
withstanding the  blood  ran  through  its 
head  very  quick  and  freely  ; which  fully 
proves  that  blood-vessels  are  dispersed 
through  every  part  of  the  skin,  nay,  even 
into  the  cuticula;  for  had  its  whole  snout 
been  thrust  in  from  D to  CC,  it  would  not 
have  amounted  to  the  supposed  thickness 
of  that  tegument,  the  length  of  the  whole 
nose  not  being  more  than  the  three-hun- 
dredth part  of  an  inch. 

Hie  thorax  or  breast  is  covered  with  a 
thin,  transparent,  horny,  or  shelly  substance, 
which  did  not  shrink  or  become  shrivelled 
by  the  creature's  fasting,  as  the  covering  of 
the  belly  did.  Through  this  our  author 

could 
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could  plainly  distinguish  that  the  blood 
sucked  from  his  hand  was  variously  distri- 
buted, and  moved  to  and  fro ; and  within 
there  appeared  something  that  resembled 
a bladder,  contracting  and  dilating  upwards 
and  downwards  from  the  head  towards  the 
tail.  Across  the  breast  were  many  small 
milk-white  vessels  running  between  the  legs, 
and  sending  to  them  innumerable  minute 
branchings,  which  no  doubt  are  veins  and 
arteries;  for  in  most  insects  the  juices  ana- 
lagous  to  blood  are  white. 

The  louse  has  six  legs,  which  are  strongly 
jointed  to  the  thorax ; and  for  each  pair  a 
kind  oftdivision  appears  thereon,  as  eee. 
They  are  covered  with  a kind  of  transpa- 
rent shell,  and  jointed  exactly  like  the  legs 
of  a crab  or  lobster.  Each  of  them  is  di- 
vided into  six  parts,  having  several  small 
hairs  issuing  from  them,  ending  with  two 
claws  of  unequal  lengths,  properly  adapted 
to  the  particular  exigencies  of  the  animal, 
which  has  occasion  to  walk  either  on  skin 
or  hair.  For  the  lesser  claw  a being  so 
much  shorter  than  the  other  claw  b,  when 
it  walks  on  the  skin  the  shorter  claw  does 
not  touch,  and  then  the  feet  are  the  same 
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as  those  of  the  mite  and  many  other  in- 
sects: whereas,  when  amongst  hairs,  the 
longer  claw  can  bend  itself  round  by  means 
of  its  small  joints,  and  meeting  with  the 
shorter,  can  both  together  take  hold  and 
grasp  a hair,  as  with  a thumb  and  finger, 
after  the  manner  represented  in  the  figure, 
where  FFF,  the  hair  of  a man’s  head,  is  so 
grasped  and  held  fast  by  this  creature,  that 
it  is  in  no  danger  of  falling  from  it. 

The  belly  is  likewise  very  transparent; 
but  its  covering  bears  the  resemblance  of  a 
skin  rather  than  a shell,  being  grained  all 
over  just  like  the  skin  of  a man’s  hand,  and 
when  the  belly  is  empty,  growing  very  llac- 
cid  and  wrinkled. 

The  white  spot  II,  may  be  the  liver  or 
pancreas,  which,  by  the  peristaltic  motion 
of  the  intestines,  is  moved  a little  to  and 
fro,  with  a thronging  or  justling  motion. 

After  one  of  these  creatures  had  fasted 
two  days,  all  the  hinder  parts  appeared  lank 
and  wrinkled ; the  white  substance  II 
scarcely  moved  ; most  of  the  white  branches 
disappeared,  as  did  also  the  redness  or  suck- 
ed blood  in  the  intestines ; the  peristaltic 
motion  of  these  was  scarcely  discernible; 

, but 
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bat  upon  being  suffered  to  suck,  the  skin 
of  the  belly,  and  the  six  scalloped  emboss- 
ments on  either  side,  were  quickly  filled 
out ; the  stomach  and  intestines  seemed 
quite  crammed,  and  multitudes  of  white 
vessels  appeared  full  and  turgid  ; the  peri- 
staltic motion  grew  quick,  as  well  as  thejust- 
linsr  motion  of  the  substance  II. 

On  this  occasion  the  animal  was  so  vora- 
cious, that  though  it  could  contain  no  more, 
it  continued  sucking  as  greedily  as  ever, 
and  at  the  same  time  emptied  itself  as  fast 
behind,  which  proved  that  its  digestion 
must  be  very  rapid ; for  though  the  blood, 
when  first  drawn  into  his  body,  appeared 
thin  and  black,  it  soon  became  in  the  in- 
testines of  a ruby  colour,  and  that  part  of 
it  which  was  carried  into  the  veins  was  evi- 
dently white. 

Near  the  bottom  of  the  belly  appears  the 
anus  K,  beset  with  hairs  or  bristles  ; just 
below  are  two  parts  LL,  which  serve  occa- 
sionally to  close  the  aperture  of  the  anus. 
At  the  extremity  of  the  tail  are  two  bodies 
MM,  resembling  the  rump  of  fowls,  and 
from  these  a number  of  sharp  hairs  issue. 

If 
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If  a louse  be  placed  on  its  back,  as  in  t lie 
plate,  two  darkish  bloody  spots  appear;  the 
larger  in  the  middle  of  the  body,  and  the 
lesser  towards  the  tail.  In  the  former  a 
white  bladder  contracts,  and  dilates  up- 
wards and  downwards  from  the  head  to- 
wards the  tail,  the  pulse  of  which  is  followed 
by  a pulse  of  the  dark  bloody  spot,  and  in 
or  over  this  the  white  bladder  seems  to  lie. 
The  white  bladder  seems  to  be  the  heart, 
for  on  pricking  it  the  louse  instantly  dies. 

There  are  male  and  female  lice;  and  Mr. 
Leeuwenhoek,  a gentleman  who  made  many 
discoveries  by  means  of  the  microscope, 
found  that  the  males  have  stings  in  their 
tails,  but  the  females  none;  and  he  sup- 
poses, that  the  smarting  pain  they  some- 
times give  arises  from  their  stinging,  when 
rendered  uneasy  by  pressure  or  otherwise ; 
since,  if  roughly  handled,  they  may  be  seen 
to  thrust  out  their  stiims:  but  he  says  that 
he  felt  but  little  pain  or  uneasiness  from  the 
piercer,  though  he  suffered  seven  or  eight 
to  feed  on  his  hand  at  once.  The  females 
lay  eggs  or  nits,  whence  young  lice  pro- 
ceed, perfect  in  all  their  parts,  and  they 

undergo 
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undergo  no  farther  change  but  an  increase 
in  size. 

To  know  from  accurate  experiment  in 
what  time  and  numbers  these  animals  in- 
crease, Mr.  Leeuwenhoek  put  two  females 
into  a black  stocking,  which  he  wore  night 
and  day;  and  found,  that  in  six  days,  one 
of  them  had  laid  fifty  eggs  ; and,  upon  dis- 
secting it,  he  saw  as  many  more  in  the 
ovary,  from  which  he  concludes,  that  in 

twelve  days  it  would  have  laid  an  hundred 
«/ 

eggs.  These  eggs  hatching  in  six  days, 
would  probably  produce  fifty  males,  and 
as  many  females ; and  the  latter  coming 
to  full  growth  in  eighteen  days,  might  in 
twelve  days  more  lay  also  an  hundred  eggs, 
which  eggs,  in  another  week  might  produce 
a younger  brood  of  five  thousand;  so  that 
in  about  eight  weeks  a louse  may  see  five 
thousand  of  its  own  descendants — an  in- 
crease that  might  be  doubted  M ere  it  not 
proved  by  experience. 

All  vermin  adhering  to  and  feeding  on 
the  bodies  of  different  animals,  though  very 
dissimilar  in  form  and  size,  are  usually 
called  lice.  Of  these  there  are  number- 
less, 
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less  species.  Even  insects  are  infested  with 
vermin  that  feed  on  them  and  torment 
them.  The  earzvig  is  frequently  • troubled 
with  minute  insects,  especially  just  under 
the  setting;  on  of  its  head.  They  are  w hite 
and  shining  like  mites,  but  smaller.  Snails 
of  all  kinds,  but  chiefly  the  large  ones 
without  shells,  have  many  little  insects, 
extremely  nimble,  that  live  and  feed  on 
them.  Numbers  of  little  red  lice,  in  shape 
resembling  a tortoise,  are  often  seen  about 
the  legs  of  spiders.  Whilst  the  spider  lives 
they  cling  closely  to  it,  but  if  it  dies  they 
leave  it. 

Those  who  have  made  the  most  minute 
and  accurate  researches  into  the  several 
objects  subjected  to  their  senses,  have 
found  that  the  substances  on  which  they 
employed  their  curiosity,  were  often  to- 
tally different  from  what  they  expected. 
Thus  an  infinite  number  of  animalucles 
are  perpetually  floating  in  the  air  we 
breathe,  sporting  in  the  fluids  we  drink, 
or  adhering  to  the  several  objects  we  see 
and  handle. 

Whitish  lice  arc  sometimes  discovered 
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running  nimbly  on  humble-bees , on  ants, 
and  even  on  jishes ; and,  perhaps,  few  crea- 
tures are  so  small  that  smaller  ones  do  not 
prey  on  them. 

Far  less  than  mites,  on  mites  they  prey  ; 

Minutest  things  may  swarms  contain; 

When  o’er  your  ivory  teeth  they  stray, 

They  throb  your  little  nerves  with  pain. 


Savage. 
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wonders  of  the  microscope. 


CHAP.  VII. 

OF  THE  FLY  AND  ITS  SEVERAL  PARTS. 

THE  common  fly  is  adorned  with  beau- 
ties not  to  be  conceived  without  the  aid  of 
a microscope.  It  is  studded  from  head  to 
tail  with  silver  and  black,  and  its  body  is 
covered  all  over  with  bristles  pointing'  to- 
wards the  tail.  rihe  head  contains  two 
large  eyes,  encircled  with  borders  of  silver 
hairs,  a wide  mouth,  with  an  hairy  trunk 
or  instrument  to  take  in  its  food,  a pair  of 
short  horns,  and  several  stiff'  black  bristles. 
Its  trunk  consists  of  two  parts,  folding  over 
one  another,  and  sheathed  in  the  mouth. 
The  extremity  of  it  is  sharp  like  a knife, 
for  the  separation  of  any  thing.  The  two 
parts  can  also  be  formed  occasionally  into  a 
pair  ot  lips  for  taking  proper  quantities  of 
food  ; and  by  the  fly's  sucking  in  the  air, 
they  become  a kind  of  pump  to  draw  up" 
the  juices  of  fruits  or  other  liquors. 

Some  flies  are  more  transparent  than 
others,  and  in  such  the  motion  of  the  in- 
testines 
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testines  may  be  seen  very  distinctly,  work- 
ing from  the  stomach  downwards;  and  also 
the  motion  of  the  lungs,  contracting  and  di- 
lating themselves  alternately.  On  dissect- 
ing a fly,  numberless  veins  may  he  disco- 
vered dispersed  in  all  directions  over  the 
intestines ; these  are  plainly  visible  by  the 
microscope,  though  two  hundred  thou- 
sand times  slenderer  than  the  hair  of  a man’s 
beard. 

In  most  kinds  of  flies  the  female  is  fur- 
nished with  a movable  tube  at  the  end  of 
her  tail ; by  extending  this  she  can  convey 
her  eggs  into  convenient  holes,  in  flesh,  or 
other  substances,  that  may  afford  proper 
nourishment  to  the  young  ones.  From  the 
eggs  proceed  minute  worms  or  maggots, 
which,  after  feeding  for  a while  in  a vora- 
cious manner,  and  arriving  at  their  full 
growth,  are  transformed  into  little  brown 
au  re  lias,  and  from  these  issue,  after  a short 
time,  perfect  flies. 

It  would  be  an  endless  task  to  enume- 
rate the  different  sorts  of  flies  which  mav 

%/ 

continually  be  met  with  in  the  meadows, 
woods,  and  gardens ; and  impossible  to  de- 
scribe their  various  plumes  and  decorations, 

surpassing 
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surpassing  all  the  magnificence  and  luxury 
of  dress  in  the  courts  of  the  greatest  princes. 
Every  curious  and  attentive  observer,  who 
is  in  possession  of  a good  microscope,  will 
attend  to  them  for  himself,  and,  with  amaze- 
ment and  humble  adoration,  carry  his 
thoughts  from  the  creature  to  the  Creator. 

We  must  again,  however,  warn  our  young 
friends  never  to  put  an  animal  or  an  insect 
erf  any  kind  to  pain  for  the  sake  of  grati- 
fying their  curiosity.  The  legs  and  wings 
of  flies,  and  other  parts  of  these  creatures, 
w ill,  in  the  summer  season,  be  readily  found 
in  windows ; and  frequently  whole  Hies  of 
all  descriptions  already  dead,  on  which  they 
may  make  their  observations.  Having  said 
thus  much,  we  will  now  give  a brief  de- 
scription of  the  several  objects  that  aie 
given  in  the  plate. 

Figure  1,  Plate  V.  is  th t foot  of  a fix), 
which  consists  of  three  joints,  two  talons, 
and  as  many  pattens  or  spongy  substances. 
By  the  wonderful  contrivance  of  these,  this 
creature  is  enabled  to  walk  perpendicularly 
upwards,  even  against  the  sides  of  glass ; 
nay,  to  suspend  itself,  and  walk  with  its 
body  downwards,  on  the  ceilings  of  rooms, 
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and  the  undersurfaces  of  other  things,  with 
much  facility  and  firmness. 

The  two  talons  are  handsomely  shaped, 
in  the  manner  represented,  as  AB  and  AC, 
and  are  very  large  in  proportion  to  the  rest 
of  the  foot.  The  bigger  part  of  them,  from 
A to  dd,  is  bristled,  or  hairy  all  over;  but 
from  thence  towards  C and  B,  the  tops  and 
points  which  turn  downwards  and  inwards, 
are  smooth  and  very  sharp.  Each  talon 
moves  on  a joint  at  A,  by  which  the  fly  is 
able  to  shut  or  open  them  at  pleasure : so 
that  the  points  B and  C,  having  entered  tlie 
pores  of  any  thing,  and  the  fly  endeavour- 
ing to  shut  its  talons,  they  not  only  draw 
against  and  by  that  means  fasten  each 
other,  but  also  pull  forwards  all  the  parts  of 
the  foot;  and  at  the  same  time  the  tenters 
or  sharp  points  GGGG  run  into  the  pores, 
if  they  find  any,  or,  on  a soft  place,  make 
their  own  way. 

Something  of  this  kind  may  be  discerned 
by  the  naked  eye  in  the  feet  of  a chafer ; 
and  if  it  be  suffered  to  creep  over  the  hand, 
or  any  tender  part  of  the  body,  its  manner 
of  stepping  will  be  as  sensible  to  the  feeling 
as  to  the  sight. 


But 
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But  as  the  chafer,  notwithstanding  its 
contrivance  to  fasten  its  claws,  often  falls 
when  it  attempts  to  walk  on  hard  and  close 
bodies  ; so  likewise  would  the  fly  had  not 
nature  furnished  its  foot  with  a couple  of 
pattens  or  sponges  DD. 

From  the  bottom  or  under  part  of  the  last 
joint  of  the  foot  K,  two  small,  thin  plated, 
horny  substances  proceed,  each  consisting 
of  two  flat  pieces  DD.  These,  about  FF, 
ff,  seem  to  be  flexible,  like  the  covers  of  a 
book,  by  means  of  which  the  two  sides  ec, 
ee,  do  not  always  lie  in  the  same  plane,  but 
may  sometimes  shut  closer,  so  that  each  of 
them  can  take  a little  hold.  But  this  is  not 
all ; for  the  bottoms  of  these  spunges  are 
every  where  beset  with  small  bristles  or 
tenters,  like  the  wire  teeth  in  a wool-card, 
with  all  their  points  inclining  forwards  ; by 
which  the  two  talons  draw  the  foot  forwards, 
as  before  described,  and  the  spunges  being 
applied  to  the  surface  of  the  body  upon 
which  the  fly  walks,  with  the  points  of  all 
their  bristles  standing  forwards  and  out- 
wards, as  expressed  in  the  figure  00000,  it 
the  surface  of  the  body  has  any  irregularity , 
or  gives  way  in  any  manner,  the  fly  can 

suspend 
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suspend  itself,  or  walk  on  it  very  easily 
and  firmly.  And  its  being  able  to  walk  on 
glass  proceeds  partly  from  some  little  rug- 
gedness thereon,  but  chiefly  from  a kind  of 
tarnish,  or  dirty  smoky  substance,  which 
adheres  to  the  surface  of  that  hard  body  ; 
so  that  although  the  sharp  points  on  the 
spunges  cannot  penetrate  the  surface  of 
glass,  it  may  easily  catch  hold  of  the  tar- 
nish it  has  contracted. 

yyy  are  some  very  long,  stiff,  sharp- 
pointed  hairs  or  bristles. 

A whole  wing  is  exhibited  in  fig.  <2.  It 
consists  of  a fine,  thin,  transparent  skin  or 
membrane,  variously  folded,  platted,  or  dis- 
tended over  the  whole  area;  and  several 
bones,  ribs,  or  stems,  disposed  with  great 
regularity  and  contrivance,  so  as  to 
strengthen  and  support  the  wing,  and  de- 
termine its  proper  figure. 

The  bones  or  ribs  of  the  wing  are  covered 
with  multitudes  of  little  scales;  but  the 
fore-edge  is  armed  with  a number  of  little 
bristles,  all  the  points  of  which  are  directed 
towards  the  tip  of  the  wing:  and  even  the 
whole  edge  all  round  the  wing  is  covered 

t>  2 with 
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with  a small  fringe,  consisting  of  shorter 
and  more  slender  bristles. 

The  fine  membrane  extended  between 
these  bony  ribs  is  thickly  set  with  innume- 
rable minute  sharp-pointed  hairs  or  bristles, 
ranged  in  the  most  regular  rows  over  its 
whole  surface;  and  intermingled  with  these 
may  be  perceived  a like  number  of  little 
pits  or  black  spots,  which  seem  to  be  the 
roots  of  the  hairs  growing  on  the  other  side. 

In  several  other  flies  there  are  infinite 
numbers  of  small  fibres  which  cover  both 
sides  of  this  thin  mefnbrane,  instead  of  mi- 
nute hairs  ; and  on  most  moths  and  butter- 
flies, they  hot  only  resemble  the  feathers  of 
birds,  in  the  manner  of  their  arrangement, 
but  are  variegated  with  the  same  kind  of 
curious  and  lively  colours  which  the  fea- 
'thers  of  birds  exhibit. 

There  are  fourteen  thousand  hemispheres 
or  eyes  distinguishable  in  the  clusteis  of  the 
drone  fly,  and  each  of  these  pearls  or  he- 
mispheres is  a perfect  eye,  being  furnished 
with  a cornea,  with  a transparent  humour, 
•and  with  a uvea  or  retina.  The  figure  of 
each  is  also  spherical,  exactly  polished,  and 
very  lively  and  plump,  when  the  fly  is  living, 
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as  in  greater  animals;  and  likewise,  as  in 
them,  dull,  shrunk,  and  flaccid,  when  the 
fly  is  dead. 

One  ol  the  clusters  being  cut  from  the 
head,  and  opened,  a clear  liquor  was  dis- 
covered by  the  microscope,  immediately 
under  the  outward  skin  or  covering,  which 
seemed  perfectly  to  resemble  the  cornea  of 
a man’s  eye ; and  when  a darkish  matter 
that  lay  behind  was  removed,  appeared  trans- 
parent, with  as  many  cavities  within  side, 
and  ranged  in  the  same  order  as  the  little 
hemispheres  in  its  outer  surface. 

The  most  remarkable  of  all  insects  for 
its  fine  pearled  eyes,  is  the  Libella  or  Dra- 
gon-fly. Mr.  Leeuwenhoek  reckons  twelve 
thousand  five  hundred  and  forty-four  lenses 
in  each  eye  of  this  creature,  or  twenty-five 
thousand  eighty-eight  in  both,  placed  in  an 
hexangular  position ; each  lens  having  six 
others  round  it.  He  observed  likewise  in 
the  centre  of  each  lens  a minute  transpa- 
rent spot  brighter  than  the  rest,  and  sup- 
posed to  be  the  pupil  through  which  the 
rays  of  light  are  transmitted  upon  the  re- 
tina. ‘ This  spot  had  three  circles  surround- 
ing it,  and  seemed  seven  times  less  than 

3 the 


54  WONDERS  OF  THE  MICROSCOPE. 

the  diameter  of  the  whole  lens.  He  also 
numbered  six  thousand  two  hundred  thirty- 
six  pearls  or  hemispheres  in  a silk-worm’s 
two  eyes,  when  in  the  fly  state : three  thou- 
sand one  hundred  eighty-one  in  each  eye 
of  the  beetle,  and  eight  thousand  in  the  two 
eyes  of  a common  fly. 

The  eyes  of  other  creatures  are  as  it  were 
multiplied  by  motion;  whereas  those  of  a 
fly  are  fixed  and  immovable,  and  can  only 
see  what  lies  directly  before  them  ; they  are 
therefore  very  numerous,  and  placed  in  a 
round  surface,  some  in  a high,  others  in 
a low  situation,  to  inform  the  fly  of  every 
tiling  in  which  it  mav  be  interested.  It  has 
a number  of  enemies ; but  with  the  aid  of 
the  eyes  that  surround  its  head,  it  is  enabled 
to  discover  whatever  danger  threatens  from 
above,  behind,  or  on  either  side,  even  when 
it  is  in  full  pursuit  of  a prey  directly  be- 
fore it. 

These  eyes  or  little  hemispheres  are  placed, 
in  all  kinds  of  flies  and  aerial  animals,  in  a 
very  neat,  regular,  and  admirable  ordina- 
nation  of  triangular  rows,  ranged  as  near  to 
one  another  as  possible,  and  leaving  the 
least  pits  or  furrows  between  them  that  can 
- possibly 
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possibly  be.  But  in  crabs,  lobsters,  or 
shrimps,  whose  eyes  are  less  pearled,  the 
pearls  are  ranged  in  a quadrangular  order, 
the  rows  intersecting  at  right  angles,  by 
which  disposition  their  number  on  equal 
surfaces  must  be  less ; but,  to  make  them  a 
recompence  for  this,  Nature  has  formed 
their  eyes  a little  movable,  whereas  those 
of  flying  insects  are  all  fixed. 

The  goodness  of  Providence  is  particu- 
larly distinguishable  in  the  formation  and 
situation  of  the  eyes  of  different  animals, 
in  a manner  most  suitable  to  their  different 
necessities  and  ways  of  living.  In  hares 
and  rabbits,  whose  safety  depends  on  flight, 
they  are  very  protuberant,  and  placed  so 
much  towards  the  sides  of  their  heads,  that 
their  two  eyes  take  in  nearly  a whole  sphere. 

In  cats  the  pupil  being  erect,  and  the 
shutting  of  the  eye-lids  transverse,  they  can 
so  close  the  pupil,  as  to  admit,  as  it  were, 
only  one  single  ray  of  light:  and,  on  the 
contrary,  by  throwing  all  open,  they  can 
take  in  the  faintest  rays,  which  is  an  in- 
comparable provision  for  animals  that  have 
occasion  to  watch  and  way-lay  their  prey  both 
by  night  and  day.  But,  besides  this,  some 
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nocturnal  creatures  have  a certain  radiation 
or  darting  out  of  rays  of  light  from  their 
eyes,  enabling  them  to  catch  their  prey  in 
the  dark  : and  this  most  people  have  been 
witnesses  of  in  cats. 

Some  writers  have  been  of  opinion  that 
moles  are  blind  ; but  greater  diligence,  and 
more  experiments,  have  shewn  them  to  have 
eyes  most  excellently  fitted  for  their  sub- 
terraneous way  of  life ; not,  indeed,  much 
bigger  than  a large  pin’s  head,  but  which 
it  is  supposed  they  have  a faculty  of  with- 
drawing, if  not  quite  into  the  head,  yet 
more  or  less  within  the  hair,  as  they  have 
more  or  less  occasion  to  employ  or  guard 
them. 

The  eyes  of  snails  are  placed  at  the  end 
of  their  horns,  and  are  thrust  out  at  some 
distance,  or  drawn  quite  within  the  head, 
as  the  animal  thinks  proper. 

Those  of  the  camelion  turn  backwards, 
or  any  other  way,  like  a lens  or  convex 
glass  in  a globular  socket,  without  any  mo- 
tion of  the  head ; and  it  is  very  extraordi- 
nary to  see  one  of  the  eyes  of  this  creature 
moving,  while  the  other  remains  fixed  ; one 
turning  forwards  at  the  same  time  that  the 

other 
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other  is  looking  behind;  or  perhaps  one 
looking  up  to  the  sky,  while  the  other  turns 
itself  downward  towards  the  ground. 

The  blue-bottle , or  common  flesh-fly,  en- 
larged by  the  microscope,  in  such  a manner 
aTs  to  shew  distinctly  all  its  particular  and 
minute  members  and  ornaments,  is  exhibited 
in  fig.  3.  AA  are  its  protuberant  and  pearl- 
ed eyes,  which  make  a considerable  pait  of 
the  head,  though  much  smaller  than  those 
of  the  drone-fly.  These  pearls  or  hernia 
spheres  are  ranged  in  triangular  order. 

A scaly  prominent  front  between  the 
eyes,  adorned  and  armed  with  laige  taper- 
ing sharp  black  bristles,  which  growing  on 
either  side  in  rows,  and  bending  towards 
each  other  near  the  top,  form  a kind  of 
arch  of  bristles,  that  almost  covers  the  front 

B. 

C,  a projecting  part  at  the  anterior  end 
of  this  arch,  and  about  the  middle  of  the? 
face,  on  which  grow  DD,  two  little  ob- 
long bodies,  not  unlike  the  apices  or  pen- 
dants in  lilies,  each  having  one  small  joint 
where  it  unites  to  C,  and  another  that  joins 
it  to  the  front  part  B.  These  in  the  head, 
of  the  drone-fly  are  called  horns,  from  the 
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gicat  lesemblance  they  bear  to  the  horns 
of  some  kinds  of  beasts. 

EE,  are  brushy  bristles  or  feathers,  some- 
what like  the  tufts  of  a cock-gnat,  growing 

fiom  the  upper  part  and  outsides  of  the 
horns  DD. 

1' h,  are  four  strong  bristles,  placed  two 
and  two,  and  bending  towards  each  other, 
just  above  the  opening  of  the  mouth. 

GUI,  is  the  fly’s  proboscis  or  trunk, 
coming  out  from  the  middle  of  the  mouth. 
It  seems  to  be  a hollow  body,  and  by  means 
of  several  joints  is  moved  to  and  fro,  thrust 
out  or  pulled  in  at  pleasure.  There  is  a 
knee  or  bending  expressed  at  H,  which  from 
thence  to  the  extremity  is  slit,  as  it  were, 
into  two  lips,  HG,  HI,  which  on  their  outer 
sides  are  covered  with  pretty  large  hairs ; 
though  the  hairs  on  the  upper  part  of  the 
proboscis  are  very  small.  These  lips  open 
and  serve  to  hold  or  take  in 
little  pieces  of  solid  food  ; but  when  the  fly 
sucks  any  thing  from  the  surface  of  a body, 
she  spreads  them  open  and  applies  their  hol- 
low part  perfectly  close  to  them ; in  which 
condition  they  become  a kind  of  pump,  to 
draw  up  the  juices  of  fruits  or  other  liquors. 

KK, 
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KIy,  are  two  little  hairy  oblong  bodies, 
growing  within  the  mouth,  from  each  side 
of  the  proboscis.  These  parts  are  differently 
shaped,  and  much  larger  in  the  head  of  the 
drone- fly,  where  they  are  marked  GG.  Dr. 
Iiook  imagines  these  may  probably  be  its 
organs  of  smelling. 

The  middle  part,  or  thorax  of  this  fly,  is 
erustaceous,  and  strongly  made,  rounded 
on  the  top,  and  covered  with  large,  long, 
black  bristles,  standing  like  the  quills  of  a 
porcupine,  in  parallel  order,  all  pointing  to- 
wards the  tail.  From  the  hinder  and  under 
part  grow  out  three  large  legs  on  each  side 
(as  represented  in  the  figure),  all  covered 
with  a strong  hairy  shell,  and  resembling  the 
legs  of  a crab  or  lobster.  Each  leg  is  jointed, 
and  made  up  of  eight  parts,  1,  2,  $ 4,  5, 
6,  7,  8 ; on  the  eighth  of  which  grow  the 
soles  or  spunges,  and  claws. 

Of  these  six  legs  the  fly  seldom  employs 
more  than  four  to  walk  with,  the  two  former 
serving  instead  of  hands,  to  take  up  any 
thing  to  eat,  to  clean  her  mouth,  eyes, 
wings,  and  body,  and  for  many  other  pur- 
poses. 

LL,  are  the  two  wings  fastened  with 

d 6 strong 
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strong  joints  to  the  upper  part  of  the 
thorax. 

Ihe  hinder  or  tail  part  is  of  a most  lovely 
shining  blue,  looking  exactly  like  polished 
steel,  brought  to  that  curious  colour  by 
annealing;  and  seems  like  a kind  of  armour, 
thickly  beset  with  bristles  similar  to  those 
which  grow  upon  its  back. 

In  this  and  most  kinds  of  flies,  the  fe- 
male is  furnished  with  a movable  tube  at 
the  end  of  her  tail,  by  extending  which 
she  can  convey  her  eggs  into  convenient 
holes  and  receptacles,  either  in  flesh  or  such 
other  matters  as  may  afford  the  young  ones 
proper  nourishment.  From  the  eggs  come 
forth  minute  worms  or  mascots.  which, 
after  feeding  awhile  in  a voracious  manner, 
and  arriving  at  their  full  growth,  become 
transformed  into  brown  aurelia,  whence, 
after  some  time  longer,  they  issue  perfect 
flies. 

Upon  opening  a fly,  numberless  veins 
may  be  discovered  dispersed  over  the  sur- 
face of  its  intestines  ; for  the  veins  being 
blackish  and  the  intestines  white,  they  are 
plainly  visible  by  the  microscope,  though 

two 
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two  hundred  thousand  times  slenderer  than 
a common  hair. 

According  to  Mr.  Leeuwenhoek,  the  dia- 
meter of  four  hundred  and  fifty  such  mi- 
nute veins  were  about  equal  to  the  diameter 
of  a single  hair;  and  consequently  two 
hundred  thousand  of  them  put  together 
would  be  about  the  bigness  of  a hair. 


CHAP. 
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CHAP.  VIIL 

OF  ANIMALCULES  IN  FLUIDS:  HOW  TO  MAKE 

PEPPER  WATER  AND  OTHER  INFUSIONS;  AND 
OF  THE  ANIMALCULES  FOUND  IN  THEM: 
OF  ANIMALCULES  IN  VINEGAR  AND  PASTE. 


From  particular  objects  we  come  to  those 
which  are  more  general ; and  in  this  chap- 
ter we  shall  describe  those  animalcules  that 
are  to  be  found  in  different  fluids.  These,, 
or  at  least  some  of  the  species,  are  the 
smallest  living;  creatures  with  which  we  are 
acquainted.  By  means  of  the  microscope 
many  kinds  of  animalcules  have  been  dis- 
covered, as  different  from  each  other  as  the 
horse  differs  from  the  mouse;  some  indeed 
are  so  exceedingly  minute,  that  a million 
of  them  would  not  be  equal  in  magnitude 
to  a large  grain  of  sand ; and  as  more  and 
smaller  objects  have  ever  been  discovered, 
in  proportion  to  the  goodness  of  the  glasses 
with  which  they  have  been  viewed,  it  is 
highly  probable,  that  there  are  numberless 

other 
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other  species  of  a size  much  less  than  those 
already  discovered. 

Here  will  be  full  scope  for  the  enquiry 
and  admiration  of  our  young  friends  : every 
drop  of  water,  and  almost  any  fluid,  except, 
perhaps,  oils  and  ardent  spirits,  either  is, 
or  will,  by  standing  exposed  to  the  air,  in 
warm  weather,  for  a few  days,  be  swarming 
with  living  creatures.  Some  of  these  seem 
natural  inhabitants  of  the  several  fluids  in 
which  tliev  are  found : others  live  only 
there  occasionally,  in  the  manner  of  gnats, 
which  from  eggs  dropped  by  their  parents 
in  water,  become  swimming  animals;  but 
after  a short  time,  they  shed  their  skins, 
appear  in  a form  that  bears  no  resemblance 
to  what  they  had  before  assumed,  take  wing, 
and  claim  kindred  with  the  countless  mil- 
lions which  rejoice  in  the  air. 


Mark’d  by  the  magnifying  chrystal’s  aid. 

In  cv’ry  place  what  proofs  will  stand  display’d  ! 

Lo  ! from  the  stagnant  pool  one  drop  obtain, 

Of  insects  this  includes  a sumless  train  : 

Buoy’d  in  the  little  pool  they  frisk  and  play, 
Pleas’d  with  their  short  existence  of  a day. 

Browne. 


Do 
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Do  you  ask  how  it  is  that  stagnant  water, 
or  water  in  which  pepper,  hay,  or  other 
vegetables  are  infused,  will  soon  become 
full  of  life?  The  answer,  founded  upon 
unquestionable  observations  and  accurate 
experiments,  is,  that  those  minute  and  in- 
visible little  flies  which  are  every  where 
floating  in  the  air,  and  seeking  places  in 
which  to  deposit  their  eggs  vv  hen  they  find 
a fluid  stored  with  proper  nourishment  for 
their  future  offspring,  may  be  supposed  to 
resort  to  it  in  swarms,  and  lay  their  eggs 
there.  These  eggs  being  soon  hatched, 
the  infant  brood  swim  about  and  live  hap- 
pily in  it  till  grown  to  their  stated  size ; 
they  then,  in  due  time,  change  their  forms, 
employ  their  wings,  and  fly  away. 

Mr.  Baker,  whose  observations  on  this 
subject  were  the  most  accurate,  took  every 
method  to  ascertain  this  fact ; and  he  says, 
that,  after  carefully  noticing  some  kinds  of 
animalcules  in  several  fluids  to  be  grown  to 
a certain  size,  on  a sudden  he  found  that 
they  were  all  gone,  and  only  a much  small- 
er, and  consequently  a younger,  race  of 
the  same  species  remaining;  these  also,  when 
grown  to  a like  size,  have  soon  after  taken 

their 
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their  departure.  Besides,  if  the  infusion  be 
covered,  though  with  muslin  or  fine  lawn, 
he  constantly  found  that  few  animalcules 
would  be  produced  in  it;  but,  upon  taking 
off  the  covering,  it  has,  in  a tew  days, 
been  full  of  living  creatures.  Ibis  certainly 
goes  to  prove,  that  the  eggs  from  which 
these  animalcules  proceed,  must  either  be 
deposited  by  their  own  parents,  or  be 
brought  with  the  air.  Perhaps  indeed  it 
may  happen  from  both  ways ; for,  as  the 
eggs  of  such  minute  creatures  are  lighter 
than  air,  and  so  small  as  not  even  to  inter- 
cept the  rays  of  light  from  the  eye,  millions 
may,  in  the  proper  season,  be  floating  al- 
most every  where  : in  places  unsuitable  to 
their  nature  they  will  perish ; but  if  they 
fall  into  a situation  adapted  to  their  sup- 
port, they  will  hatch  and  come  to  perfec- 
tion. 

Though  clear  and  pure  water,  will,  after 
standing  some  time  in  the  open  air,  have 
some  animalcules,  they  will  not  be  so  nu- 
merous as  when  vegetable  bodies  have  been 
steeped  in  it;  for,  perhaps  no  creatures, 
however  small,  can  live  upon  water  alone  , 

but  when  it  is  stored  with  proper  food,  by 

an 
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an  infusion  of  such  substances  as  have  been 
already  mentioned,  the  microscope  will  ex- 
hibit to  the  admiring  eye  myriads  of  living 
creatures  in  every  drop.  But  as  those  for 
whom  this  liltle  book  is  designed  may  be 
desirous  of  viewing  these  wonders  for  them- 
selves, and  of  exhibiting  them  to  their 
youthful  companions,  the  following  very 
simple  directions  may  not  be  unacceptable. 

To  make  Pepper  Water. 

* * 

Put  common  black  pepper,  grossly  bruis- 
ed, into  an  open  vessel,  as  a flat  bottomed 
tea-cup,  to  cover  the  bottom  of  it  about  half 
an  inch  in  thickness,  then  pour  upon  it  rain 
or  river  water,  till  it  rises  above  the  pepper 
an  inch  or  thereabouts.  Shake  or  stir  the 
mixture  well,  and  then  let  it  stand  undis- 
turbed in  the  open  air.  In  a few  days  there 
will  be  a thin  skin  upon  the  water  reflecting 
the  prismatic  colours.  This  skin,  examined 
by  the  microscope,  will  be  found  to  contain 
millions  of  animalcules;  at  first,  indeed, 
scarcely  discernible,  even  with  the  best 
magnifier,  but  continually  growing  larger 
till  they  arrive  at  their  full  size.  Their 
numbers  too  will  every  day  increase,  till  at 

length 
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length  almost  the  whole  fluid  will  seem 
animated  and  alive;  though  in  leality  they 
will  be  chiefly  on  the  surface  of  the  water, 
unless  disturbed ; but  when  that  happens, 
they  will  sometimes  dart  down  at  once,  and 
not  appear  again  for  some  time.  I his  ex- 
periment will  succeed  even  in  winter;  but 
not  so  well  as  in  warm  weather. 

To  examine  this  scum,  more  of  it  should 
not  be  used  than  a quantity  about  the  size 
of  a pin’s  head,  which  may  be  taken  up 
with  the  nib  of  a new  pen,  or  a small  hair 
pencil,  and  applied  on  a single  isinglass, 
first  to  the  third  magnifier,  then  to  the  se- 
cond, and  afterwards  to  the  first,  which 
will  shew  several  kinds  of  animalcules,  dif- 
fering in  shape  as  well  as  in  size. 

The  largest  sort  are  thin  and  transparent: 
they  turn  themselves  frequently  in  the  water, 
having  a great  number  of  feet,  which  are 
frequently  seen  about  the  extiemities  , at 
one  end  there  are  likewise  some  bristles 
longer  than  the  feet,  resembling  a tail. 
Their  motion  is  swift,  and  by  their  fiequent 
turns  and  sudden  stops  they  appear  to  be 
hunting  after  their  prey,  which  are  pro- 
bably insects  indefinitely  smaller  than  them- 
selves. 
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.selves,  and  which  have  hitherto  escaped  the 
notice  of  our  best  glasses.  They  can  em- 
ploy their  feet  in  running  as  well  as  swim- 
ming; for,  upon  putting  a hair  among  them, 
they  will  frequently,  like  rope-dancers, 
creep  along  it  from  end  to  end,  bending  in 
several  odd  postures. 

The  second  kind  have  a screw-like  form  ; 
sometimes  when  they  lie  still  they  thrust 
forwards  and  backwards  a fringed  or 
bearded  tongue;  a small  current  may  be 
discerned  running  constantly  towards  them, 
which  is  caused  probably  by  the  nimble  mo- 
tion of  some  minute  fins  or  legs  too  fine  to 
be  discerned. 

Another  sort,  about  the  size  of  the  last, 
but  without  tails,  appear  of  a shape  resem- 
bling a flounder ; their  feet  may  be  seen 
.very  clearly  as  the  water  is  evaporating,  for 
then  they  move  them  nimbly. 

- The  next  kind  appear  like  slender  worms, 
about  fifty  times  as  long  as  they  are  broad  ; 
their  motion  is  equal  and  slow,  waving 
their  bodies  but  little  in  their  progression. 
They  swim  with  equal  facility  backwards 
and  forwards ; and  being  every  where  of 
the  same  thickness,  it  is  very  difficult  to 

distinguish 
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distinguish  at  which  end  the  head  is 
placed. 

A fifth  sort  are  so  small  that  an  hundred 
of  them  in  a row  would  not  equal  the  dia- 
meter of  a grain  of  sand  ; and  consequent- 
ly a million  of  them  are  but  equal  in  bulk 
to  one  such  particle : their  shape  is  nearly 
globular. 

A sixth  kind  have  also  been  discerned 
about  the  thickness  of  the  last ; but  twice 
as  long. 

The  smallest  drop  of  sulphuric  acid,  even 
as  much  as  will  stick  to  the  point  of  a pin, 
put  among  these  animalcules,  will  cause 
them  all  to  fall  down  dead.  A solution 
of  salt  or  of  sugar  also  kills  them ; so  will 
ink,  and  even  blood  or  saliva. 

If  the  water  be  permitted  to  evaporate, 
some  kinds  of  the  animalcules  will  burst; 
but  others,  though  apparently  dead,  will 
revive  by  supplying  them  with  fresh  water. 

To  make  Hay  JVater. 

New-made  hay  cut  into  small  lengths  and 
put  into  water,  will  in  a few’  days  produce 
a whitish  scum  on  the  surface,  which  when 
examined  by  the  microscope,  will  be  found 

to 
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to  contain  inexpressible  numbers  of  minute 
living  creatures  of  various  sizes,  forms,  and 
kinds.  Some  of  them  are  precisely  the  same 
as  those  described  in  the  pepper  water;  but 
the  most  general  among  them  is  an  oval  sort 
ot  animalcule,  something  in  the  shape  of 
an  ant’s  egg.  They  are  extremely  nimble, 
and  in  a continual  swift  motion  backwards 
and  forwards  : but  sometimes  they  stop  on 
a sudden,  and  turn  round  on  their  own  axis 
many  times  with  surprising  velocity,  first 
one  way,  and  afterwards  the  contrary. 

Another  sort  that  is  common  to  this  in- 
fusion are  clear  and  transparent,  but  curi- 
ously ribbed  in  the  manner  of  a melon  : 
others  are  transparent  at  their  extremity 
only,  and  in  these  neither  legs  nor  fins  are 
discernible.  There  is  likewise  a species  of 
animalcules,  whose  bodies  are  nearly  sphe- 
rical, but  pointed  at  one  end  like  a pear, 
and  resembling  bladdersfilled  with  water,  in 
which  a vast  number  of  dark  particles  seem 
in  continual  agitation. 

Animalcules  in  the  shape  of  eels  are  fre- 
quently met  with  in  many  infusions,  and  in 
other  liquors.  The  size  of  them  is  very 
different;  some  being  an  hundred  times 

larger 
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larger  than  others,  and  probably  they  differ 
very  much  in  kind. 

V inegar,  after  standing  a few  days  un- 
covered, especially  in  the  summer  season, 
will  abound  with  these  insect  eels,  fre- 
quently large  enough  to  be  discerned  by  the 
naked  eye.  If  the  vinegar  in  which  these 
abound  be  moderately  heated  at  the  fire, 
they  will  be  killed,  and  sink  to  the  bottom  : 
cold  does  them  no  injury.  Dr.  Power  put 
some  vinegar  full  of  these  eels  into  a glass, 
and  on  it  he  poured  an  equal  quantity  of 
oii  ; he  then  froze  the  vinegar,  which  caused 
the  cels  to  creep  into  the  oil  as  a shelter; 
but,  upon  thawing  the  vinegar,  they  re- 
turned to  it  again.  If  a few  very  small 
grains  of  sand  be  put  among  the  eels,  they 
will  appear  embarrassed,  and,  as  it  were, 
struggling  to  free  themselves  among  large 
stones. 

Those  who  wish  to  be  furnished  with  mi- 
croscopic eels  at  all  seasons,  may  have  them 
in  common  paste,  such  as  the  book-binders 
commonly  use.  It  should  neither  be  too 
stiff*  nor  watery.  Expose  it  to  the  air,  and 
prevent  its  hardening  or  becoming  mouldy 
on  the  surface,  by  beating  it  well  together 

when 
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when  it  lias  that  tendency.  After  some 
days  it  will  become  sour;  and  then,  if  ex- 
amined attentively  by  a microscope,  multi- 
tudes of  exceedingly  small,  long,  and  slen- 
der animalcules  will  be  visible ; these  will 
grow  larger  till  they,  are  of  sufficient  size  to 
be  seen  by  the  naked  eye.  A drop  or  two 
of  vinegar  should  now  and  then  be  poured 
on  the  paste;  and  sometimes,  to  prevent  its 
becoming  too  dry,  a little  vinegar  and  wa- 
ter. By  this  means  microscopic  eels  may 
be  had  all  the  year.  They  must  be  applied 
to  the  microscope  upon  a single  talc,  after 
having  first  put  on  it  a very  small  drop  of 
water  for  them  to  swim  in. 

These  are  very  entertaining  objects  when 
examined  by  any  kind  of  microscope ; but 
particularly  the  solar  one,  by  which  the 
motions  of  their  intestines  may  very  plainly 
be  distinguished  ; and  when  the  water  is 
nearly  dried  away,  and  they  on  the  point  of 
expiring,  their  mouths  may  be  seen  open- 
ing to  a considerable  width. 
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CHAP.  IX. 

©V  AN1MACULES  FOUND  IN  STAGNANT  WATER*. 

OF  GNATS,  AND  FROM  WHAT  THEY  PROCEED  : 

THEIR  TRANSFORMATIONS  : THE  WHEEL 

■ 

INSECT. 

Mr.  Leeuwenhoek,  to  whom  we  have 
often  referred,  says,  that  in  rain  water 
newly  descended,  no  living  creatures  were 
to  be  discerned ; but  after  standing  some 
days,  innumerable  animalcules,  many  thou- 
sand times  smaller  than  a grain  of  sand, 
were  visible  by  the  microscope.  These  were 
pf  different  species,  which  need  not  be  par- 
ticularly described. 

It  is  common  in  the  summer  for  the 
water  that  stands  in  ditches  to  appear  some- 
times of  a greenish  and  sometimes  of  a red- 
dish colour,  which,  upon  examination  with 
the  microscope,  is  found  owing  entirely  to 
the  millions  of  animalcules  crowded  toge- 
ther on  the  Surface,  and  giving  it  that 
appearance.  Their  bodies  arc  oval  and 
transparent  at  both  ends  ; but  the  middle 
parts  are  either  green  or  red,  according  to 

'•s'  ; • • ^ ••  t the 
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the  apparent  colour  of  the  water  in  which 
they  are  swimming.  The  middle  part  being 
viewed  with  the  first  or  second  magnifier, 
seems  composed  of  globules,  and  bears  so 
near  a resemblance  to  the  roe  or  spawn  of 
fish,  that  it  is  generally  believed  to  be  the 
same,  and  the  more  so  as  they  are  found, 
after  some  time,  perfectly  clear  and  colour- 
less, when  they  may  be  supposed  to  have 
shed  their  spawn : 

■ - — Where  the  pool 

Stands  mantled  o'er  with  green,  invisible, 

Amid  the  floating  verdure  millions  stray. 

■ i — — — Nor  is  the  stream 

Of  purest  crystal,  nor  the  lucid  air, 

Though  one  transparent  vacancy  it  seem, 

Void  of  their  unseen  people. 

Thomson. 

The  water  that  drains  from  dunghills, 
and  looks  of  a deep,  brown  colour,  is  so 
thronged  with  animalcules,  that  it  seems  to 
be  all  alive,  and  must  be  diluted  with  com- 
mon water  before  they  can  be  sufficiently 
separated  to  distinguish  their  various  kinds. 

An  infusion  of  any  herb,  grain,  fruit,  or 
flower,  made  in  common  water,  will  be 

found 
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found,  after  a few  days,  to  contain  some 
kinds  of  animalcules  peculiar  to  itself, 
which  may  readily  be  accounted  for ; since 
every  herb,  grain,  fruit,  or  flower  is  al- 
lotted bv  Providence  to  be  the  food  of  some 
particular  sort  of  bird,  beast,  or  insect,  of 
the  visible  or  larger  kinds,  we  may  imagine 
it,  in  like  manner,  when  infused  in  water, 
to  afford  a proper  nourishment  for  some  of 
those  numberless  species  of  minute  creatures 
which  are  invisible  to  the  naked  eye,  and 
not  to  be  discovered  without  a good  mi- 
croscope. 

Sometimes  in  the  infusions  of  vegetable 
productions,  and  in  other  waters  that  have 
stood  exposed  to  the  open  air,  an  animal  is 
discerned  much  larger  than  any  before  de- 
scribed, of  a very  singular  and  surprising 
form.  This  little  creature  is  in  its  middle 
state  ; it  was  late  a worm,  and  will  60on  be- 
come a gnat : 

We  wonder  at  a thousand  insect  forms 
These  hatched,  and  those  resuscitated  worms, 

New  life  ordained,  and  brighter  scenes  to  share, 

O ice  prone  on  earth,  now  buoyant  on  the  air. 

Cow per. 
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Gnats  deposit  their  eggs  in  a kind  of 
slimy  matter  on  the  surface  of  the  water, 
and  fasten  them  to  something  that  may  pre- 
vent their  being  washed  away,  or  separated 
too  soon.  From  these  eggs  proceed  a num- 
ber of  minute  worms,  which,  sinking  to 
the  bottom  of  the  water,  make  for  them- 
selves cases  or  coverings  of  fine  sand  or 
earth,  cemented  together  with  a sort  of 
glue,  but  open  at  both  ends,  for  them  to 
come  out  of  or  retire  into  as  they  find  occa- 
sion. After  a time  they  quit  these  habita- 
tions and  the  figure  of  worms ; they  re- 
ascend to  the  top  of  the  water,  shelled  all 
over,  with  a large  head  and  mouth,  a cou- 
ple of  black  eves,  two  horns,  several  tufts 
of  hairs  on  different  parts  of  the  body,  and 
a tail  with  a brush  of  hair  at  the  end  of  it, 
which  being  smeared  over  with  an  oily  fluid, 
serves,  like  a cork,  to  keep  them  above 
water;  their  heads  being  sometimes  lifted 
into  the  air,  and  sometimes  plunged  into 
t he  water,  while  the  tail  slides  along  the 
surface.  If  the  oil  on  the  tail  begins  to  dry, 
they  shed  from  their  mouths  a new  supply 
upon  it,  which  restores  the  ability  of  steer- 
ing where  they  please,  without  being  wet- 
ted 
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ted  or  injured  by  the  water.  After  living, 
in  this  manner,  the  time  appointed  by  Pro- 
vidence, a stranger  change  succeeds ; for, 
resigning  their  eyes,  horns,  and  tail,  and 
casting  off  their  whole  skin,  there  issues 
forth  a race  of  insects  belonging  to  a dif- 
ferent element.  The  most  beautiful  and  de- 
licate plumage  adorns  their  heads;  their 
limbs  are  constituted  with  the  finest  texture; 
they  have  wings  curiously  fringed  and  orna- 
mented ; their  whole  bodies  are  invested 
scales  and  hair,  and  they  are  actuated  with 
surprising  agility  : in  short,  they  become 
gnats,  and  rise  into  the  atmosphere.  And 
what  seems  the  most  wonderful  is,  that  a 
creature,  which  but  a minute  before  was  an 
inhabitant  of  the  water,  would  now  be 
drowned  if  it  were  plunged  into  it. 

This  little  creature  is  a beautiful  object 
for  the  microscope  ; its  white  heart  beating 
distinctly,  and  the  motion  of  all  its  intes- 
tines being  perfectly  visible.  The  waters  in- 
deed every  where  abound  with  life,  and  are 
an  endless  subject  of  employment  /or  the 
microscope.  Rivers,  ponds,  ditches,  and 
almost  every  puddle  will,  by  its  assistance, 
present  us  with  living  wonders  : 

£ 3 
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The  little  gnat,  in  beauties  may  compare 
With  all  his  rival  brothers  of  the  air; 

Transparent  feathers,  purple,  green,  and  gold, 
llis  wings,  small  feet,  and  gay  fringed  tail  enfold; 
Four  sharpen’d  spears  his  head  with  weapons  arm, 
And  his  pearled  eyes,  with  liveliest  graces  charm. 

Browne. 

Mr.  Leeuwenhoek,  in  some  papers  in  the 
Philosophical  Transactions,  describes  seve- 
ral animalcules  found  adhering  to  the  roots 
of  the  duck- weed.  Of  these  one  sort  was 

shaped  like  bells,  with  long  tails,  by  which 
they  fastened  themselves  to  the  roots  ot 
these  weeds  ; and  sometimes  twenty  of  them 
were  seen  together,  gently  extending  their 
long  tails  and  bodies,  and  then,  in  an  in- 
stant,  contracting  them  again.  Another 
extraordinary  kind  appears  in  a sheath  or 
case,  the  end  of  which  it  fastens  to  the 
duck-weed  roots.  This  little  creature  has 
seemingly  two  wheels,  with  teeth  or  notches 
coming  from  the  head,  and  turning  round 
as  it  were  on  an  axis.  At  the  least  touch  it 
draws  the  wheel-work  into  its  body,  and  its 
body  into  the  sheath.  When  every  tiling 
is  quiet,  it  thrusts  itself  out  again,  and  tlie 
rotation  of  the  wheel- work  is  renewed. 


In 
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In  the  water,  or  slimy  matter  found  in 
leaden  pipes  or  gutters,  various  kinds  ot 
animalcules  are  frequently  to  be  found,  and 
among  the  rest,  multitudes  that  appear  to 
have  a sort  of  wheel-work,  such  as  we  have 
described.  These  creatures,  when  the  water 
dries  a wav,  contract  their  bodies  into  a glo- 
bular  figure;  they  become  of  a reddish  co- 
lour, and  fixt  in  the  dry  dirt,  which  grows 
as  hard  as  clay  : but  whenever  such  a piece 
of  dirt  is  put  in  water,  in  about  half  an 
hour’s  time  they  open,  and  by  degrees  ex- 
tend their  bodies  and  swim  about;  from 
which  it  has  been  concluded,  that  the  pores 
of  their  skin  are  closed  so  perfectly  as  to 
prevent  all  perspiration;  by  which  means 
they  are  preserved  till  rain  falls,  when  their 
bodies  open,  life  returns,  they  swim  about 
and  take  in  nourishment : 

Gradual — what  numerous  kinds  descend. 

Evading  e’en  the  microscopic  eye  ! 

Full  nature  swarms  with  life  : one  wond’rous  mass 
Of  animals,  or  atoms  organized, 

Waiting  the  vital  breath,  when  parent  Heav’u 
Shall  bid  his  spirit  blow.  The  hoary  fen, 

In  putrid  streams,  emits  the  living  cloud 
Of  pestilence. 

Thomson. 
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The  discoveries  made  by  the  microscope 
should  teach  us  diffidence  and  modesty. 
They  will,  if  properly  considered,  suggest 
to  us  this  important  truth,  that  our  ideas  of 
matter,  of  magnitude,  and  minuteness,  are 
merely  comparative.  They  are  taken  from 
ourselves,  and  from  the  objects  that  sur- 
round us,  beyond  which,  if  we  endeavour 
to  extend  them,  they  become  indistinct  and 
confused. 

i * i i 
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CHAP.  X. 

OF  POLYPES,  WITH  DIRECTIONS  FOR  FINDING, 
FEEDING,  AND  PRESERVING  THEM. 

Polypes  are  to  be  found  in  all  sorts  of 
aquatic  plants,  upon  branches  ol  tiees, 
pieces  of  board,  rotten  leaves,  stones,  and 
other  substances  that  lie  in  the  water ; they 
are  also  to  be  met  with  open  the  bodies  ot 
several  aquatic  animals,  as  on  the  water 
snail ; they  generally  fix  themselves  to  these 
by  the  tail,  so  that  it  is  a good  method, 
when  in  search  of  Polypes,  to  take  up 
many  of  these  substances  and  put  them  in  a 
glass  of  water.  If  there  be  any  of  these 
minute  animals  adhering  to  them,  they  will 
be  soon  seen  stretching  out  their  arms,  es- 
pecially if  the  glass  be  suffered  to  be  at  rest 
awhile ; for  the  polypes,  which  contract 
themselves  on  being  first  taken  out  of  the 
water,  will  soon  extend  themselves  again 
when  they  are  at  rest. 

They  are  to  be  sought  for  in  the  corners 
of  ditches  and  ponds,  being  frequently  driven 
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into  these  with  pieces  of  wood  or  leaves,  to 
which  they  have  attached  themselves  : con- 
sequently they  may  in  vain  he  sought  for  in 
one  period,  where  at  another  they  may  be 
found  in  abundance.  They  are  readily  per- 
ceived in  a ditch  when  the  sun  shines  on  the 
bottom ; in  winter  they  are  seldom  to  be  met 
with : about  the  month  of  May  they  be»in 
to  appear  and  to  multiply. 

They  are  generally  to  be  found  in  waters 
which  move  gently;  for  neither  a rapid 
stream  nor  stagnant  waters  ever  abound  with 
them.  As  they  are  always  fixed  to  some 
substance  by  their  tails,  and  are  very  rarely 
loose  in  the  water,  taking  up  water  only  can 
signify  but  little ; a circumstance  which 
has  probably  been  the  cause  of  much  disap- 
pointment to  those  who  have  searched  for 
them. 

The  green  polypes  are  usually  about  half 
an  inch  long  when  stretched  out ; those  of 
the  second  and  third  sort  are  between  three- 
quarters  of  an  inch  and  an  inch  in  length. 
Heat  and  cold  have  the  same  effect  upon 
these  little  creatures  that  they  have  upon 
those  of  a larger  size.  They  are  animated 

and 
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and  enlivened  by  the  former,  whereas  the 
latter  renders  them  languid. 

M.  T rembley  of  Geneva,  was  the  first 
person  who  discovered  these  little  animals, 
as  he  was  looking  for  other  insects  in  the 
water,  lie  saw  some  little  things  which  he 
took  for  plants ; but  upon  careful  examina- 
tion, he  perceived  motions  in  them,  and 
found  them  contract  when  touched,  it  was 
some  time  before  he  could  determine  wha- 
ther  they  were  plants  or  animals ; for  he 
saw  several  young  shoots  coming  out  from 
them,  as  far  as  four  generations,  hanging 
to  one  another.  At  length  he  saw  them  eat 
insects,  and  even  small  pieces  of  raw  meat. 

He  cut  one  of  these  creatures  to  sec  what 
would  become  of  it,  and  in  a few  days  new 
arni3  were  seen  growing  out  where  the  others 
had  been  cut  away. 

Since  that,  both  he  and  other  persons 
have  divided  them  lengthways  and  breadth- 
ways, and  every  possible  way,  and  always 
producing  the  same  effect. 

Polypes  do  not  swim  but  crawl,  either  on 
the  ground  or  on  aquatic  plants,  pieces  of 
wood,  leaves,  & c.  Their  common  posture 
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is  to  fasten  their  tails  to  something,  and  then 
extend  the  arms  and  body  into  the  water ; 
and  they  make  use  of  their  progressive  mo- 
tion to  place  themselves  conveniently  for 
this  pui  pose.  1 heir  little  arms  are  so  many 
snaics  sti etched  out  to  catch  small  creatures 
in  the  water ; and  when  any  insect  happens 
to  touch  an  arm  it  is  caught,  and  conveyed 
to  the  mouth  by  the  contraction  of  that  arm  ; 
hut  if  the  creature  struggles  the  other  arms 
assist. 

I hey  are  very  voracious  animals  : a po- 
lype  can  swallow  a worm  twice  or  thrice  its 
own  length.  They  eat  more  or  less  in  pro- 
poition  to  the  heat  of  the  weather ; and 
they  increase  in  size  according  to  what  they 
devour:  they  will,  however,  live  whole 
months  without  food.  But  the  most  extra- 
ordinary part  of  M.  Trembley  s account  is 
this:  “ If  one  of  them,"  says  he,  “ be  cut 
in  two,  the  fore  part,  which  contains  the 
head,  and  mouth,  and  arms,  lengthens  it- 
self, creeps,  and  eats  on  the  same  day. 

I he  tail  part  forms  a head  anil  mouth  at  the 
lyounded  end,  and  shoots  forth  arms  more 
cr  less  speedily  as  the  heat  is  favourable.  If 

the 
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the  polype  be  cut  the  long  way  through  the 
head,  stomach,  and  body,  each  part  is  half 
a pipe,  with  half  ahead,  half  a mouth,  and 
some  of  the  arms  at  one  of  its  ends.  The 
edges  of  these  half  pipes  gradually  round 
themselves  and  unite,  beginning  at  the  tail 
end;  and  the  half  mouth  and  half  stomach  of 
each  becomes  complete.  A polype  has  been 
cut  lengthways  at  seven  in  the  morning,  and 
in  eight  hours  afterwards  each  part  has  de- 
voured a worm  as  long  as  itself.” 

When  polypes  were  first  discovered  it 
was  with  difficulty  that  proper  food  could 
be  found  for  their  subsistence.  It  is  now 
well  known  that  the  small  red  worms  which 
are  to  be  met  with  on  the  mud  banks  of  the 
Thames,  particularly  near  the  shores,  an- 
swer the  purpose  well.  They  are  easily  ob- 
tained when  the  tide  is  out,  when  they  rise 
in  swarms  in  the  mud.  If  a sufficient  quan- 
tity be  gathered  in  November,  and  put  into 
a glass  full  of  water,  with  three  or  four 
inches  of  earth  at  the  bottom,  there  will  be  a 
supply  for  the  polypes  for  the  whole  winter. 

River  or  any  soft  water  agrees  with 
them  ; but  they  will  not  live  long  in  hard 
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water;  and  the  worms  with  which  the  po- 
lypes are  fed  should  always  be  cleansed  be- 
fore they  are  given  to  them.  Polypes  are  fre- 
quently infested  with  a small  species  of  lice, 
from  which  they  must  be  freed  to  preserve 
them  in  health.  This  may  be  done  by  rub- 
bing them,  as  they  adhere  to  any  substance, 
with  a hair  pencil.  The  water  also  must  be 
frequently  changed  and  kept  as  free  as  pos- 
sible from  all  impurities. 

To  observe  with  accuracy  the  various 

V 

habitudes,  positions,  &c.  of  the  polype,  it 
will  be  necessary  to  place  some  of  them  in 
narrow  cylindrical  glasses,  then,  by  means 
of  the  microscope,  they  may  be  seen  exert- 
ing all  the  actions  of  life  with  ease  and  con- 
venience. 

We  cannot  help  observing,  as  a conclu- 
sion to  this  part  of  our  work,  that  if  the 
smallest  living  creatures  that  have  yet  been 
discovered  are  produced  in  the  waters,  in 
them  also  are  the  largest  and  most  mon- 
strous. No  bird  or  beast  comes  near  the 
size  of  many  kinds  of  fishes  ; nor  can  the 
elephant  itself  be  brought  in  comparison 
with  the  whale.  Let  us  reflect  then  how 
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amazing*  the  disparity  between  such  a fish 
as  the  whale  and  a minute  animalcule  less 
than  a millionth  part  of  a grain  of  sand  1 
IIow  innumerable  must  the  kinds  of  crea- 
tures be,  that  form  the  progressions  from 
one  size  to  the  other  ! and  how  equally  won- 
derful does  the  hand  of  Providence  appear, 
whether  it  give  life  and  activity  to  a moun- 
tain of  matter,  or  to  an  indefinitely  small 
atom  ! 
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ciiap.  xi. 

OF  THE  BLOOD;  OF  WIIAT  COMPOSED,  HOW  TO 

be  examined:  the  circulation  of  the 

blood:  in  what  objects  best  seen. 

* 

x 1IE  microscope  has  been  employed  for 
viewing  the  blood,  both  with  regard  to  its 
natural  course,  and  its  contexture,  and  the 
knowledge  derived  from  these  enquiries  has 
been  successively  applied  in  the  science  and 
practice  of  medicine.  By  viewing  the 
blood  within  the  vessels,  we  may  judge  of 
the  situation,  dimensions,  arrangements, 
and  ramifications,  of  the  arteries  and  veins 
through  which  it  passes,  together  with  the 
general  state  of  the  fluid.  When  taken 
from  the  vessels  we  can  examine  it  more 
minutely,  and  observe  all  the  alterations 
that  may  occur  in  the  mixture,  size,  form, 
and  quality  of  the  particles  composing  its 
more  solid  or  more  fluid  parts. 

Human  blood,  and  the  blood  of  all  land 
animals,  is  found  to  consist  of  round  red 
globules,  floating  in  a transparent  water  and 
serum.  Each  red  globule  is  made  up  of  six 
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smaller  and  more  transparent  ones;  and  each 
of  these  again  is  composed  of  six  globules 
still  more  minute  and"  colourless ; so  that 
every  common  red  globule  is  compounded 
of  at  least  thirty-six  smaller  ones,  though 
it  is  probable  the  division  goes  on  much 
farther. 

As  the  microscope  has  informed  us  of  the 
structure  of  the  blood,  which,  without  its 
aid,  could  never  have  been  known,  we  shall 
now  oive  some  directions  for  viewing  it. 

Take,  with  a soft  hair  pencil,  a small 
drop  of  warm  blood,  immediately  from  the 
vein,  spread  it  as  thinly  as  possible  on 
the  clearest  single  isinglass,  placed  on  a 
slider  for  the  purpose,  and  apply  it  to  the 
first  or  second  magnifier : the  globules  will 
then  be  distinctly  seen.  It  may  also  be  ex- 
amined by  taking  up  a little  of  it  in  a very 
small  capillary  tube  of  the  thinnest  glass, 
placed  before  the  magnifier. 

If  a drop  of  the  same  blood  be  diluted 
with  warm  water,  and  applied  in  either  of 
these  ways,  some  of  the  larger  globules  will 
appear  more  asunder,  and  a great  many  of 
them  will  be  seen  divided  into  the  smaller 
ones  of  which  they  are  composed. 
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It  it  be  mixed  with  a little  warm  milk, 
several  red,  unbroken  globules  will  be  seen 
distinctly  ; but  those  that  are  again  sepa- 
rated into  their  smaller  ones  will  be  con- 
founded with  the  milk  itself. 

To  see  the  circulation  of  the  blood,  we 
must  make  use  of  such  small  creatures  as, 
by  their  transparency,  permit  us  to  look 
within  them,  and  see  what  passes  there; 
for,  in  man  or  other  large  animals,  the  skin 
is  so  opake  that  we  cannot  discern  even  the 
fine  blood-vessels  themselves,  and  much 
less  the  current  that  runs  along  them.  Tut 
there  is  every  reason  to  believe  that  the 
whole  animal  creation  is  formed  in  the  same 
way,  and  that  the  circulations  in  the  mean- 
est living  creature  are  carried  on  through 
vessels  of  a like  Structure  as  in  the  noblest. 

Indeed,  with  regard  to  the  circulation  of 
the  fluids,  the  motion  of  the  intestines,  the 
brain,  See.  more  knowledge  may  be  obtain- 
ed by  inspecting  insects  and  small  animals 
with  the  microscope,  than  by  the  most  skil- 
ful and  curious  dissections,  or  anatomical 
experiments,  on  larger  subjects.  For  the 
skins  of  some  of  these  little  creatures  are  so 
transparent,  that  the  order  and  disposition 
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t)f  the  vessels  underneath  may  he  plainly  ob- 
served. In  several  of  them  not  only  is  the 
general  course  of  the  blood  readily  distin- 
guished, but  the  figure  of  the  globules  of 
which  it  is  composed,  and  the  alterations 
that  they  suffer,  when  they  pass  out  of  the 
larger  into  the  more  minute  vessels.  Many 
of  the  vessels  are  so  small  that  even  single 
globules  cannot  possibly  find  a passage 
through  them  without  being  compressed 
into  oval  shapes:  and  yet  these  vessels  are 
large  in  comparison  of  the  finest  vessels  of 
all,  to  pass  through  which  the  globules  must 
be  divided  and  subdivided  into  their  small- 
est and  most  minute  component  parts. 

The  wisdom  and  goodness  of  Providence 
are  manifest  in  preventing  the  blood  from 
coagulating  into  masses,  by  the  disposition 
of  the  vessels  through  which  they  run. 
The  arteries,  for  example,  which  convey 
the  blood  from  the  heart  to  the  extremities, 
are  in  their  progress  continually  diminish- 
ed, and  are  divided  into  smaller  branches. 
At  every  such  division  many  of  the  glo- 
bules of  the  blood  must  rush  with  a consi- 
derable force  against  an  angle  directly  in 
their  way,  which  motion  seems  perfectly 

well 
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well  adapted  to  prevent  the  mass  from  coa- 
gulating. By  means  of  the  veins  the  blood 
returns  from  the  extremities  to  the  heart; 
the  diameters  of  these  enlarge  as  the  tide 
rolls  along ; and  the  smaller  branches  are 
continually  uniting  and  making  larger  ves- 
sels, till  at  last  all  their  streams  fall  into 
one  : here,  at  every  conjunction  of  two 
blanches  the  currents  rush  against  each 
otncr  with  violence ; hence  unnatural  co- 
hesions are  broken  or  prevented,  of  which 

the  microscope  affords  ocular  demonstra- 
tion. 

When  the  vessels  are  extremely  small,  it 
is  not  always  possible  to  distinguish  the 
veins  from  the  arteries.  But  the  larger  ar- 
teries are  observable  by  a protrusion  of  the 
blood  at  each  contraction  of  the  heart,  then 
a stop,  and  then  a new  protrusion,  which, 
with  a small  degree  of  attention,  may  be 
plainly  seen  succeeding  one  another;  where- 
as the  current  passes  through  the  veins  with 
an  equal  and  unremitting  stream. 

1 he  transparent  membrane  between  a 
frog’s  hind-foot  toes  is  the  object  most  com- 
monly employed  for  viewing  the  current 
and  cii dilation  ot  the  blood;  and  in  this, 

if 
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if  well  expanded,  it  may  be  distinctly  seen 
both  in  the  veins  and  arteries. 

The  tails  or  fins  of  small  fishes  may  he 
likewise  used  with  advantage  to  the  pur- 
pose ; they  present  to  view  a great  number 
of  veins  and  arteries,  with  the  blood  passing 
different  ways  through  them.  Put,  for  in- 
stance, a small  eel,  well  cleaned  from  its 
slime,  into  a glass  tube  filled  with  water, 
and  stopping  both  ends  to  prevent  the  water 
from  running  out ; apply  the  tail  part  to 
the  microscope,  and  the  circulation  will  he 
readily  discovered.  It  will  be  as  well  seen 
in  the  tail  of  a small  flounder,  and  in  other 
fish  the  skins  of  which  are  transparent. 

Mr.  Leeuwenhoek  says,  he  saw,  in  the 
utmost  extremity  of  a very  minute  fish's 
tail,  in  what  manner  the  larger  arteries  were 
there  divided  into  the  most  fine,  and,  to 
him,  evanescent  ones;  and  that  many  of 
the  smallest  veins,  returning  from  the  ex- 
tremities, met  together  at  last  in  some 
larger  vein.  There  appeared  also  in  some 
vessels  a surprising  agitation  of  the  blood  ; 
and  in  the  larger  arteries  he  could  perceive 
a continual  new  protrusion,  or  acceleration 
of  the  blood's  course  received  from  the 

heart ; 
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lie  art;  but  in  the  smaller  arteries  the  mo- 
tion seemed  equable;  and  though  in  the 
minuest  vessels  there  appeared  no  colour, 
yet  in  the  larger  vein  or  artery,  though  near 
the  tail,  the  blood  was  plainly  red.  In  a 
small  part  of  the  tail,  the  same  gentleman 
counted  94  veins,  and  as  many  arteries. 
The  whole  fish  was  not  more  than  half  an 
inch  in  length,  of  course  the  tail  must  be 
portionally  small;  nevertheless,  in  a part  of 
of  that,  the  circulation  of  the  blood  was 
visible  in  34  places,  and  the  current  of  it  in 
68  vessels!  and  yet  these  vessels  were  far 
from  being  the  most  minute  of  all.  How 
inconceivable,  then,  must  be  the  number 
of  circulations  in  the  human  body.;  of 
course  there  can  be  no  need  for  surprise  to 
behold  it  issuing  forth  at  every  prick  of  a 
pin  or  needle. 


CHAP. 


WONDERS  OF  THE  MICROSCOPE. 


9* 


CHAP.  XII. 

OF  THE  SCALES  Ol'  THE  HUMAN  SKIN;  HOW 

examined:  of  the  pores  of  the  human 
body;  how  examined:  ofanimalcui.es 
found  between  the  teeth:  of  the 

ITCH  : OF  TIIE  STINGS  OF  INSECTS. 

T HIS  chapter  will  be  devoted  to  obser- 
vations on  various  miscellaneous  objects 
connected  with  the  microscope,  in  which 
the  wonders  of  creating  Power  will  be  emi- 
nently displayed.  We  shall  begin  with  the 
scales  on  the  human  skin. 

The  scarf-skin,  or  outward  covering  of 
the  body,  is  remarkable  for  its  scales  and 
pores.  The  former  are  so  minute,  that  two 
hundred  of  them  may  be  covered  with  a 
grain  of  sand,  of  course  thev  could  never  be 
discerned  bv  the  naked  eye.  They  are 
placed  as  on  fishes,  three  deep  ; that  is,  each 
scale  is  so  far  covered  by  two  others,  that 
only  a third  part  of  it  appears,  which,  lying 
over  one  another,  may  be  the  cause  why 
the  skin  of  the  body  appears  white;  for 
about  the  mouth  and  lips,  where  they  only 

just 
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just  meet,  and  do  not  fold  over,  the  blood- 
vessels are  seen  through,  and  the  parts  look 
red.  The  perspirable  matter  is  supposed  to 
issue  between  these  scales,  which  lie  over 
the  pores,  and  may  find  vent  in  an  hundred 
places  round  the  edges  of  each  scale. 

piece  of  skin  taken  from  between  the 
fingers,  from  the  forehead,  neck,  arms,  or 
any  other  soft  part  of  the  body  which  is  not 
hairy,  serves  best  to  shew  the  scales ; for 
where  the  skin  is  callous,  they  are  glued  as 
it  were  together.  If  they  are  scraped  off 
with  a penknife,  put  into  a drop  of  clear 
water,  and  so  applied  to  the  microscope,  they 
will  b6  seen  to  good  advantage. 

In  order  to  view  the  pores  cut  a slice  of 
the  upper  skin  with  a sharp  razor  as  thin  as 
possible;  then  immediately  cut  a second 
slice  from  the  same  place,  which  apply  to  the 
microscope,  and  in  a piece  not  larger  than 
a nrain  of  sand  would  cover,  innumerable 

o 

pores  will  be  perceived,  as  plainly  as  little 
holes  pricked  in  paper  by  a fine  needle  may 
be  discerned  if  it  be  held  up  against  the  sun. 

Mr.  Leeuwenhoek  endeavours  to  give 
some  slight  notion  of  the  incredible  num- 
ber of  pores  in  the  human  body.  He  sup- 
poses. 
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poses,  on  a very  moderate  calculation,  that 
there  are  at  least  one  hundred  pores  in  the 
length  ot  one  tenth  ot*  an  inch;  conse- 
quently in  an  inch  there  will  he  one  thou- 
sand, and  in  a foot  there  will  be  twelve 
thousand  ; ot  course,  in  a surface  equal  to 
twelve  inches  square,  there  will  be  one  hun- 
dred and  forty-four  millions,  and  if  the  su- 
perficies ot  a middle-sized  person  be  reckoned 
at  fourteen  feet  square,  there  will  be  in  his 
skin  two  thousand  and  sixteen  millions  of 
pores,  through  which,  in  health,  the  per- 
spirable matter  is  perpetually  issuing. 

The  pores  through  which  we  perspire  are 
more  particularly  remarkable  in  the  hands 
and  feet,  toi  it  the  hand  be  well  washed 
with  soap,  and  examined  with  a tolerably 
good  glass,  in  the  palm,  or  upon  the  ends 
and  first  joints  of  the  thumb  and  fingers, 
inn umciablc  little  ridges  parallel  to  eacb 
other,  ot  equal  bigness  and  distance,  will 
be  found  : upon  these  ridges  the  pores  may, 
by  the  naked  eye,  be  perceived  Iving  in 
rows;  but  viewed  through  a good  glass, 
cveiy  pore  seems  like  a little  fountain,  with 
the  perspiratory  matter  standing  in  it  as 
deal  as  lock  water ; and.  it  that  be  wiped 
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away,  more  will  be  found  to  spring  lip 
again. 

When  we  consider  the  multitude  of  ori- 
fices all  over  the  skin,  it  may  be  reasonably 
conjectured  that  minute  animals,  as  fleas, 
gnats,  &c.  do  not  make  new  perforations, 
but  rather  insinuate  their  slender  instru- 
ments into  the  vessels  of  the  skin,  and  suck 
out  the  blood,  or  what  other  humour  is 
their  proper  aliment. 

To  warn  our  young  reader  of  the  neces- 
sity of  cleanliness,  we  shall  introduce  a sub- 
ject or  two,  which,  if  not  very  pleasant  to 
discuss,  may  lead  to  effects  important  to 
their  future  health.  No  animalcules  are  to 
be  found  in  the  saliva,  but  great  numbers  of 
different  kinds  may  be  discovered  in  the 
whitish  matter  sticking  between  the  teeth; 
if  it  he  picked  out  with  a needle  or  point  of 
a tooth-pick,  and  mixed  with  a little  rain 
water,  and  applied  before  the  microscope, 
numbers  will  be  visible.  Sometimes,  in- 
deed, they  are  so  very  numerous,  and  so  very 
active,  that  the  whole  mass  appears  alive. 
The  largest  sort  move  very  swiftly ; these 
are  but  few  in  number.  The  second  sort 
are  more  numerous,  and  have  different  mo- 
tions. 
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tions.  The  third  kind  are  roundish,  and  so 
minute  that  a grain  of  coarse  sand  would 
equal  a million  of  them  in  bigness;  they 
move  so  swifty,  and  in  such  multitudes,  that 
■they  seem  like  swarms  of  gnats  or  flies. 

Some  or  all  of  these  three  kinds  may  be 
found  constantly  in  the  matter  taken  from 
between  the  teeth  of  men,  women,  and 
children,  especially  from  between  the  grind- 
ers, even  though  they  wash  their  teeth  with 
great  care.  But  from  the  teeth  of  those 
who  are  inattentive  to  cleanliness,  the  mat- 
ter affords  another  sort  of  animalcules  in 
the  shape  of  eels.  They  all  die  if  vinegar 
be  applied  to  them  ; hence  it  lias  been  con- 
cluded that  a gargle  made  of  vinegar  is 
good  for  preserving  the  teeth  and  gums 
from  injuries  that  these  little  creatures  might 
occasion. 

The  microscope  has  discovered  what 
would  not  otherwise  have  been  imagined 
that  the  disorder  called  the  itch,  which 
makes  such  dreadful  ravages  among  those 
who  are  inattentive  to  cleanliness,  is  owing 
to  little  insects  under  the  scarf-skin.  These 
animalcules  in  shape  resemble  the  tortoise, 
of  a whitish  colour,  but  darker  on  the  back 
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than  elsewhere,  with  long  and  thic  k hairs 
issuing  from  it.  They  are  very  nimble  in 
their  motions,  having  six  legs,  a sharp  head, 
and  two  little  horns. 

We  may  hence  account  for  the  reason 
why  this  disorder  is  catching,  since  these  ani- 
macules,  by  simple  touch,  easily  pass  from 
one  person  to  another,  having  not  only  a 
swift  motion,  but  clinging  to  every  thing 
they  touch,  and  crawling  as  well  upon  the 
surface  of  the  body  as  under  the  outward 
skin  ; and  a few  being  once  lodged,  they 
multiply  apace  by  the  eggs  which  they  lay. 
In  like  manner  the  infection  may  be  pro- 
pagated by  sheets,  towels,  handkerchiefs,  or 
gloves,  since  these  animalcules  may  easily 
be  harboured  in  such  things,  and  will  live 
some  clays  when  separated  from  the  body. 

We  shall  now  treat  of  the  stings  of  insects, 
which  are  given  them  by  nature  to  defend 
themselves  from,  and  to  injure  their  enemies. 
The  trunk  or  proboscis  which  gnats,  flea'--, 
and  many  kind  of  insects  carry  in  their 
mouth,  though  equally  sharp  with  the  sting 
of  wasps,  bees,  See.  is  not  intended  as  an  in- 
trument  of  revenge,  but  for  procuring  and 

sucking 
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sucking  in  their  food,  and  when  such  crea- 
tures bite  or  sting  us,  it  is  from  necessity. 
Squeeze  or  strike  a bee  or  a wasp,  it  in- 
stantly puts  forth  its  sting:  but  no  pro- 
vocation can  urge  a flea  or  gnat  to  bite  : 
when  disturbed  or  hurt,  they  draw  in  their 
proboscis,  instead  of  thrusting  it  out, 
and  never  make  use  of  it  but  when  they 
think  themselves  perfectly  safe  and  quiet. 
There  is  another  material  difference  : a sting 
injects  a venomous  liquor  into  the  wound 
it  makes;  but  a proboscis  draws  out  the 
blood  and  humours  from  it. 

As  the  structure  and  contrivance  of  most 
stinars  are  nearly  alike,  it  will  be  sufficient 
to  describe  that  of  the  bee  as  discovered  by 
the  microscope. 

The  sting  of  the  bee  is  a horny  sheath  or  ' 
scabbard  that  includes  two  bearded  darts. 
This  sheath  ends  in  a sharp  point,  near  the 
extremity  of  which  a slit  opens;  through 
this,  at  the  time  of  stinging,  two  bearded 
darts  are  protruded  beyond  the  end  of  the 
sheath ; one  of  which  being  longer  than 
the  other,  fixes  its  beard  first,  but  the  other 
instantly  following,  they  penetrate  alter- 
nately deeper  and  deeper;  taking  hold  of 
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the  flesh  with  their  hooks,  till  the  whole 
sting*  becomes  buried  in  the  wound:  and 
then  a venomous  juice  is  injected,  through 
the  same  sheath,  from  a little  bag  at  the 
root  ot  the  sting,  which  occasions  an  acute 
pain,  and  a swelling  of  the  part,  which  con- 
tinues sometimes  for  several  days. 


The  artificial  convex  will  reveal 

The  forms  diminutive  that  each  conceal  : 

Some  so  minute,  that  to  their  fine  extreme, 

The  mite  a vast  leviathan  will  seem  : 

That  yet  of  organs,  functions,  sense  partake, 

Equal  with  animals  of  largest  make, 

In  curious  limbs  and  clothing  they  surpass 
By  far  the  comclicst  of  the  bulky  mass, 

A world  of  beauties!  that  thro’  all  their  frame, 
Creation’s  grandest  miracles  proclaim. 

Browne. 
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CIIAP.  XIII. 

OF  THE  HAIR  OF  ANIMALS OF  THE  FARINA  OF 

FLOWERS — IIOWTO  BE  EXAMINED  OF  I HI 
SEEDS  OF  PLANTS,  AND  OF  THE  LEAVES. 

rJTlIE  hairs  of  animals  are  very  different 
in  their  appearance  by  the  microscope,  .ami 
can  furnish  a variety  of  entertaining  obser- 
vations. They  have  been  discovered  to  be 
tubular;  that  is,  composed  of  a number  ot 

extremely  minute  tubes  or  pipes.  In  the 
•/ 

hairs  of  many  animals,  there  are  in  some 
spiral  lines,  and  in  others  transverse  ones 
running  from  top  to  bottom.  A mouse  s 
hairs  are  of  this  sort;  they  appear,  as  it 
were,  in  joints  like  the  hack-bone;  they 
are  not  smooth,  but  jagged  on  the  sides, 
and  terminate  in  the  sharpest  point  imagi- 
nable. The  hairs  taken  from  a mouse’s 
belly  are  the  least  opake,  and  of  course 
fittest  for  the  microscope. 

The  hairs  of  men,  horses,  sheep,  bogs, 
&c.  are  composed  of  long  tubular  fibres  or 
smaller  hairs,  encompassed  with  a rind  or 
bark.  A split  hair  appears  like  a stick 

shivered 
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shivered  with  beating.  The  roots  of  hair 
aieot  different  shapes  in  different  animals; 
the  hair  itself  is  thicker  towards  the  middle 
than  at  either  end. 

1 he  whiskers  pf  a cat,  cut  transversely, 
have  something  in  the  middle  like  the  pith 
of  eldei ; and  a human  hair  cut  in  the  same 
manner  shews  a variety  of  vessels  in  very 
regular  figures.  Hairs  taken  from  the  head, 
the  eye-brows,  the  nostrils,  the  beard,  the 
hand,  Sec.  appear  unlike,  as  well  in  the 
roots  as  in  the  hairs  themselves,  and  vary 
as  plants  do  ol  the  same  genus , but  of  dif- 
ferent species. 

I he  jctruia,  or  mealy  powder,  found  on 
the  little  pendant  tops  of  almost  every 
flower,  is  deserving  of  the  strictest  exami- 
nation. This  powder,  the  colour  of  which 
is  different  in  flowers  of  different  kinds,  was 
imagined,  by  former  ages,  to  be  an  unne- 
cessary part  of  theplant;  but  by  means  of  the 
microscope  we  find  that  ali  the  minute 
grains  of  this  powder  are  regular,  uniform, 
and  beautiful  little  bodies,  constantly  of 
the  same  figure  and  size  in  plants  of  the  same 
species  ; but  in  different  kinds  of  plants  they 
differ  as  much  as  the  plants  themselves. 


It 
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It  was  impossible  to  observe  the  order  and 
configuration  of  the  farina;,  without  con- 
cluding that  Providence,  which  never  acts 
in  vain,  must  intend  a nobler  use  tor  bodies 
so  regularly  formed,  than  to  be  dissipated 
by  the  winds  and  lost.  This  reflection  led 
to  farther  examination,  from  which  it  was 
evident  that  this  powder  is  produced  and 
preserved  with  the  utmost  care  in  vessels 
contrived  to  open  and  discharge  it  when  it 
becomes  mature:  that  there  is  likewise  a 
seed-vessel  in  the  center  of  the  flower,  ready 
to  receive  the  minute  grains  of  this  powder, 
they  either  fall  of  themselves,  or  are 
blown  out  of  their  little  cells.  And  ex- 
perience proves,  that  on  this  depends  en- 
tirely the  fertility  of  the  seed  ; for  if  the 
farina  vessels  be  cut  away  before  they  open 
and  shed  their  powder,  the  seed  becomes 
barren  and  unproductive. 

This  farina  is  therefore  supposed  to  be 
the  male  seed  of  plants,  and  every  little 
grain  of  its  powder  may  possibly  contain  in 
it  a minute  plant  of  the  species  to  which  it 
belongs.  It  is  wonderful  to  observe  the  va- 
rious contrivances  which  nature  employs  to 
prevent  this  powder  from  being  unprofita- 
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bly  dispersed,  and  to  assist,  its  entrance 
into  the  seed-vessel  prepared  for  it- 

— in  an  insect  or  a flower, 

Such  microscopic  proofs  of  skili  and  power, 

As  hid  from  ages  past,  God  now  displays, 
lo  combat  Atheists  with  in  modern  days. 

CowrER. 

An  inquisitive- person  will  find  inexpres- 
sible delight  in  examining  and  considering 
the  varieties  of  farina}  discoverable  in  the 
vegetable  species.  In  that  of  the  mallow, 
each  little  grain  appears  to  be  an  opake 
ball,  with  prickles  issuing  from  it  on  every 
side.  The  sun-flower  farina  seems  com- 
posed of  flat  circular  minute  bodies,  sharp- 
ly pointed  round  the  edges ; the  middle 
part  appears  transparent,  and  exhibits  some 
resemblance  to  the  flower  from  which  it 
proceeds.  The  powder  of  the  tulip  is  exactly 
shaped  like  the  seeds  of  cucumbers  and 
melons;  that  of  the  poppy  appears  like  pearl 
barley ; and  that  of  the  lily  is  not  very  dis- 
similar from  that  of  the  tulip. 

To  examine  the  farina,  it  must  be  gather- 
ed in  the  midst  of  a sun-shiny  day,  after 
the  dew  is  completely  off : it  must  not  be 

pressed 
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pressed,  but  shaken  or  gently  brushed  oft 
with  a soft  hair-pencil  upon  a piece  or  t lean 
white  paper.  A single  talc  or  piece  of  ising- 
glass  being  breathed  on,  and  instantly  ap 
plied  to  the  farina,  will  take  up  some  por- 
tion of  it.  It  too  great  a quantity  betaken, 
a part  may  be  blown  off ; it  is  then  to  be 
applied  to  the  microscope;  and  it  the  small 
grains  are  spread  in  a regular  order,  they 
may  be  covered  cautiously  with  another 
talc,  which  is  to  be  fastened  with  a brass 
wire.  The  glasses  or  talcs  must  not  press 
on  the  farina,  because  the  least  pressure 
would  destroy  the  true  figure  of  the  balls. 

A collection  of  the  most  remarkable  fa- 
rina?, thus  preserved,  will  afford  lasting  en- 
tertainment to  those  who  take  pleasuie  in 
pursuits  of  this  kind.  To  those,  into  whose 
hands  our  little  work  may  fall,  a diligent 
examination  is  recommended  of  the  little 
cells  that  contain  the  farina,  and  ot  the 
other  small  parts  of  flowers.  They  may 
begin  with  the  flower  of  the  blind  nettle, 
or  even  with  that  of  the  common  mallow, 
and  in  these  beauties  will  be  discoveicd. 
that  are  not  easily  described.  And  as  every 
flower  lias  organs  adapted  for  similar  uses, 
though  of  a different  form  and  stiuctuic, 

F 6'  here 
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here  is  ample  field  for  investigation,  every 
part  of  which  is  capable  of  leading  man  to 
the  knowledge  of  the  wonderful  works  of 
his  Maker. 

1 rom  the  farina  the  reader  might  be  direct- 
ed to  the  seed,  the  smallest  kinds  of  which 
are  very  fit  objects  for  the  microscope ; 
such  are  the  seeds  of  lettuce,  thyme,  cher- 
vil, parsley,  and  a multitude  of  others,  it 
would  be  thought  tedious  to  enumerate  the 
beauties  of  these ; but  the  powder  or  seed 
of  the  puff-ball  may  claim  a few  words ; 
this  substance,  if  crushed  when  ripe,  seems 
to  the  naked  eye  like  a smoke  or  vapour 
and  when  examined  by  one  of  the  best 
magnifiers,  it  appears  to  bean  infinite  num- 
ber of  little  gloubules  of  an  orange  colour, 
almost  transparent ; the  axis  of  one  of  these 
is  not  above  the  fiftieth  part  of  the  diameter 
of  a hair;  so  that  a cube  whose  side  was 
equal  to  the  breadth  of  a hair,  would  be 
equal  to  an  hundred  and  twenty-five  thou- 
sand of  them. 

The  /eaves  of  trees  and  plants  will  also  be 
found  deserving  of  attention  from  those 
who  are  in  possession  of  a good  microscope ; 
they  are  full  of  innumerable  veins  and  ra- 
mifications. 
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niifications,  that  convey  theperspirablejuices 
to  the  pores  for  their  discharge.  M.  Leeu- 
wenhoek reckoned  in  a single  leaf  of  a spe- 
cies of  box  more  than  three  hundred  thou- 
sand pores.  The  leaves  of  rue  seem  full  of 
holes  like  a honey-comb  : all  kinds  of  the 
plant  called  St.  John’s  wort  appear  likewise 
stuck  full  of  pin-holes ; but  the  micro- 
scope shews,  that  the  places  where  those 
holes  seem  to  be,  are  really  covered  with  an 
exceedingly  thin  and  white  membrane.  A 
sage-leaf  appears  like  a rug  or  shag  full  of 
knots  tasselled  with  silver  thrums,  and  em- 
bellished with  fine  round  crystal  beads  or 
pendants,  fastened  by  little  foot-stalks.  Ihe 
underside  of  the  sweet-briar  leaf  appears 
diapered  with  silver. 

Leaves  of  stinging-nettles  are  thickly  set 
with  prickles,  that  penetrate  the  skin  when 
touched,  and  occassion  pain,  heat,  and 
swelling.  The  microscope  shews  that  these 
prickles  are  formed  and  act  in  the  same 
manner  as  the  stings  of  living  animals, 
every  one  of  them  being  a rigid  hollow 
body,  terminating  in  a very  acute  white 
point,  with  an  opening  near  its  end.  At 
the  bottom  of  this  cavity  lies  a minute 

vessel, 
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vessel,  containing  a limpid  liquor,  which, 
upon  the  smallest  touch  of  the  prickle,  is 
squirted  through  the  little  out-let ; and  if 
it  enters  the  skin,  produces  those  painful 
sensations,  which  almost  every  person  lias 
experienced.  Hence  it  comes  to  pass,  that 
when  the  leaves  of  nettles  are  considerably 
dried,  they  sting  but  little ; whereas,  such 
as  are  green  and  juicy  produce  violent  pain 
and  inflammation. 


CHAP. 


WONDERS  OF  THE  "MICROSCOPE. 


m 


CHAP.  XIV. 

THE  WORKS  OF  ART  AND  NATURE  COMPARED 
TOGETHER  AND  CONSIDERED. 

TJ PON  examining  the  edge  of  a very 
keen  razor  with  a microscope,  it  will  appear 
as  broad  as  the  back  of  a thick  knife; 
roimh,  uneven,  full  of  notches  and  fur- 
rows,  and  so  far  from  any  thing  like  sharp- 
ness, that  an  instrument  as  blunt  as  this 
seemed  to  be,  would  not  serve  even  to 
cleave  wood.  An  exceedingly  small  needle 
resembles,  as  we  have  already  seen,  a rough 
iron  bar,  rather  than  a fine,  polished,  and 
slender  instrument  going  of!  at  a point. 

But  the  sting  of  a bee,  seen  through  the 
same  instrument,  exhibits  every  where  a 
polish  most  amazingly  beautiful,  without 
the  least  flaw,  blemish,  or  inequality,  and  it 
ends  in  a point  too  fine  to  be  discerned. 

A small  piece  of  exceedingly  fine  lawn 
appears,  through  a microscope,  from  the 
large  distances  and  holes  between  its 
threads,  somewhat  like  a hurdle  or  lattice, 

and 
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and  the  threads  themselves  seem  coarser 
than  the  yam  with  which  ropes  are  made 
for  anchors. 

But  if  a silk-worm’s  web  were  to  be  ex- 
amined, it  would  appear  perfectly  smooth 
and  shining,  every  where  equal,  and  as 
much  finer  than  any  thread,  as  the  smallest 
twine  is  finer  than  the  thickest  cable.  A 
pod  of  this  silk  lias  been  wound  off'  which 
measured  more  than  eighteen  hundred 
yards,  and  which  when  weighed  was  found 
no  heavier  than  two  grains  and  a half.  Yet 
this  exquisite  fineness  is  not  to  be  compared 
to  the  web  of  a small  spider. 

The  smallest  dot,  tittle,  or  point  that 
can  be  made  with  a pen,  appears,  when 
viewed  bv  the  microscope,  a vast  irregular 
spot,  rough,  jagged,  and  uneven  all  about 
its  edges.  I he  finest  writing,  such  as  the 
Lord’s  Prayer  in  the  compass  of  a silver 
penny,  when  examined  by  a microscope, 
is  shapeless,  uncouth,  and  barbarous,  as  if 
written  in  the  coarsest  characters.  But  the 
little  specks  on  the  wings  or  bodies  of 
moths,  beetles,  flies,  and  other  insects,  are 
found,  when  magnified,  to  he  most  accu- 
rately circular,  and  all  the  other  lines  and 

marks 
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marks  about  them  appear  regularly  and 
finely  drawn  to  the  greatest  degree  ol  exact- 
ness. 

A golden  chain  has  been  made,  consisting 
of  three  hundred  links,  not  more  than  one 
inch  in  length,  fastened  to  and  pulled  auav 
by  a flea.  And  Mr.  Baker,  whose  work  on 
the  microscope  has  been  long  and  highlv 
celebrated,  says,  he  saw  and  examined  a 
chaise,  made  by  Mr.  Boverick,  having  tom 
wheels,  with  all  the  proper  apparatus  be- 
longing to  them,  turning  regularly  on  theii 
axis;  together  with  a man  sitting  in  the 
chaise,  all  formed  of  ivory,  and  drawn 
along  by  a flea  without  seeming  difficulty. 
The  same  artist  made  a brass  chain  consist- 
ing of  two  buna  red  links,  with  a hook  atone 
end,  and  a padlock  and  key  at  the  other, 
all  of  which  did  not  weigh  a third  part  of  a 
grain. 

Oswald  Neclinger,  a German,  made  a 
cup  of  a pepper- corn,  which  held  twelve 
hundred  other  little  cups,  all  turned  in 
ivory,  each  of  them  being  gilt  on  the  edges, 
and  standing*  on  a foot.  And  -Sir.  Baker 
says,  he  saw  a quadrille  table,  with  a drawci 
in  it,  an  eating  tabic,  a side- board  tabic,  a 

looking- 
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looking-glass,  twelve  chairs  with  skeleton- 
backs,  two  dozen  of  plates,  six  dishes,  a 
dozen  knives  and  as  many  forks,  twelve 
spoons,  two  salts,  a frame  and  castors,,  to- 
gether with  a gentleman,  lady,  and  footman, 
all  contained  in  a cherry-stone,  and  not  fill- 
ing much  more  than  the  half  of  it. 

I hese  aie  some  of  the  nicest,  most  curi- 
ous, and  surprising  works  of  art ; but  if 
these  be  examined  with  a good  microscope, 
it  must  be  confessed  that  the  utmost  art  is 
only  a concealment  of  deformity,  an  im- 
position on  the  want  of  sight;  and  the  ad- 
miration which  they  excite  arises  from  our 
ignorance  of  what  they  really  are. 

A microscope  will  prove  the  most  boasted 
performances  of  art  to  be  as  ill-shaped,  rug- 
ged, and  uneven,  as  if  they  were  hewn  with 
an  axe,  or  struck  out  with  a mallet  and 
chissel.  It  will  shew  the  inequality  and 
imperfection  of  every  part.  The  finest  mi- 
niatuic  paintings  appear  before  this  instru- 
ment as  mere  daubings,  plastered  on  with 
a tiowel,  entirely  void  of  beauty,  either  in 
the  drawing  or  the  colouring.  * Idle  most 
even  and  beautiful  varnishes  and  polishings 

will 
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Mill  be  found  to  be  mere  roughness,  full  of 
gaps  and  flaws. 

Thus  sink  the  works  of  art,  when  by 
means  of  good  glasses  we  see  what  they  real- 
ly are.  But  the  nearer  we  examine  the 
works  of  God,  even  in  the  least  of  his  pro- 
ductions, the  more  sensible  shall  we  be  of 
the  wisdom  and  power  of  our  great  Crea- 
tor. Apply  the  microscope  to  whatever  of 
his  works  we  will,  nothing  is  to  be  found 
hut  beauty  and  perfection.  If  we  examine 
the  numberless  species  of  insects  that  swim, 
creep,  or  fly  around  us,  what  proportion, 
exactness,  uniformity,  and  symmetry  shall 
we  perceive  in  all  their  organs  ! what  a pro- 
fusion of  colouring ! azure,  green,  and  ver- 
milion, gold,  silver,  pearls,  rubies,  and  dia- 
monds ; fringe  and  embroidery  on  their 
bodies,  wings,  heads,  and  every  other 
part  1 how  high  the  finishing ! how  ini- 
mitable the  polish  we  every  where  behold  ! 


Their  wings  all  glorious- to  behold, 
Bedeck’d  with  azure,  jet  and  gold. 
Wide  they  display  : the  spangled  dew 
Reflects  their  eyes  and  various  hues. 


If 
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It  we  go  farther  and  examine  the  ani- 
malcules, many  of  which  the  unassisted 
human  eye  could  never  discern,  in  them 
we  discover  the  same  organs  of  body,  mul- 
tiplicity of  parts,  variety  of  motions,  diver- 
sity of  figures,  and  particular  ways  of  living, 
as  in  the  larger  animals.  How  amazingly 
cuiious  must  the  internal  structure  of  these 
creatuies  be!  the  heart,  the  stomach,  the 
entrails,  and  the  brain  ! How  minute  and 
fine  the  bones, joints,  muscles,  and  tendons! 
How  exquisitely  delicate,  beyond  all  con- 
ception, are  the  arteries,  veins,  and  nerves  ! 
what  multitudes  of  vessels  and  circulations 
must  he  contained  within  this  narrow  com- 
pass ! let  all  have  sufficient  room  to  per- 
form the  different  offices,  and  neither  im- 
pede nor  interfere  with  one  another : 

Fluids,  in  drops,  minutely  swell, 

These  subtile  beings  each  contains; 

In  the  small  sanguine  globes  they  dwell, 

Foil  from  the  heart,  and  trace  the  veins. 

Through  every  tender  tube  they  rove, 

In  finer  spirits  strike  the  brain, 

Wind  quick  thro  ev’ry  fibrous  grove, 

And  seek,  thro’  pores,  the  heart  again. 

Savaoe< 

The  same  order,  regularity,  and  beauty, 

will 
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will  appear  among  vegetables  if  properly 
examined.  Every  stalk,  bud,  flower,  or 
seed,  displays  a figure,  a proportion,  a har- 
mony beyond  the  reach  of  human  art. 
There  is  not  a weed  nor  a moss,  the  leaf 
of  which  does  not.  exhibit  a multiplicity  of 
vessels  and  pores  disposed  most  curiously 
for  the  conveyance  of  juices  to  support  and 
nourish  it,  and  which  is  not  adorned  with 
innumerable  graces  to  embellish  it. 

The  most  perfect  works  of  art  betray  a 
meanness,  a poverty,  an  inability  in  the 
workman;  but  the  works  of  nature  plain- 
ly prove,  that  the  hand  which  formed 
them  was  absolute  master  of  the  materials 
upon  which  it  acted,  and  had  tools  exactly 
adapted  to  its  design.  Every  hair,  feather, 
or  scale,  even  of  the  meanest  insect,  appears 
rounded,  polished,  aid  finished  to  the 
highest  pitch,  and  shews  the  abundant 
riches,  munificence,  and  skill  of  its  Maker. 

What  atom  forms  of  insect  life  appear  ! 

And  who  can  follow  Nature’s  pencil  here? 

Their  wings  with  azure,  green,  and  purple  gloss’d, 
Studded  with  coloured  eves,  with  coins  emboss’d, 
inlaid  with  pearl,  and  mark’d  with  various  stains 
Of  lively  crimson  thro’  their  dusky  veins 

H'.  nu.vrT.D. 

After 
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After  all,  what  we  know  at  present,  even 
of  tilings  the  most  near  and  familiar  to  us, 
is  so  little  in  comparison  of  what  we  know 
not,  that  there  remains  a boundless  scope 
for  our  inquiries ; and  every  step  we  take 
serves  to  enlarge  our  capacities,  and  to  give 
us  still  more  noble  and  just  ideas  of  the 
power,  the  wisdom,  and  the  goodness  of 
the  Deity. 


FINIS. 


Directions  to  the  Hinder. 


1 Frontispiece  (A  Louse  as  seen  through  a Microscope) 

to  face  the  Title 

2 The  Microscope  — 

3 The  Mites  iu  Cheese  magnified  . 

4 A Flea,  as  seen  through  a M icroscope  — 

6 Ihe  Blue-bottle  Fly  in  a Microscope  magnified 
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TECHNICAL  TERMS 


Made  use  of  in  this  JVorlc. 


ANIMACULES— are  the  smallest  living  creatures  yet 
known,  and  are  found  in  fluids,  whereof  many  kinds 
have  been  discovered  by  the  microscope. 

CONCAVE— a glass  being  hollow  in  the  middle,  or 
thicker  at  the  edges  than  at  the  centre,  is  called 
concave. 

CONVEX — a glass  having  a round  or  circular  side ; 
that  is,  being  thicker  in  the  middle  than  at  the 
edges. 

CUTICLE— the  outer  skin  of  the  human  body,  called 
also  the  scarf-skin.  It  is  that  part  of  the  skin  which 
is  raised  in  blisters,  and  is  a thin  white  elastic  layer 
under  which  is  a much  thicker  layer,  composed  of 
a great  many  fibres,  closely  interwoven,  and  disposed 
in  different  directions;  this  is  called  the  cutis,  or 
true  skin. 

FOCUS — the  point  where  the  rays  of  light  meet,  which 
is  shorter  or  longer  according  to  the  convexity  or 
roundness  of  the  glass;  a little  convexity  throwing 
it  to  a considerable  distance ; but  when  the  glass  is 
more  round  and  thick,  the  focus  is  very  near. 

LENS— any  optical  glass  not  very  thick,  which  either 
collects  the  rays  of  light  into  a point  in  their  passage 
through  it,  or  disperses  them  apart.  If  convex  on 
both  sides  it  is  called  a convex  lens ; but  if  one  side 
be  flat  a plano-convex ; if  concave  on  both  sides,  it 
is  termed  a concave  * lens ; if  flat  on  one  side  a plano- 
concave; if  convex  on  one  side  and  concave  on  the 
other,  a convcno-concavc  or  concavo-convex. 
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This  Day  is  published,  illustrated  with  numerous  large  Copper- 
plates, on  a Plan  entirely  new,  Price  Four  Shillings  and  Six- 
pence, with  an  Allowance  to  Schools, 

r jn II E WONDERS  of  the  TELESCOPE,  or  a 

-H  Display  of  the  WONDERS  of  the  HEAVENS,  and  of 
the  SYSTEM  of  the  UNIVERSE,  written  in  a familiar  and 
popular  manner,  adapted  particularly  to  the  perusal  of  Young 
Persons,  and  especially  calculated  to  promote  and  simplify  the 
Study  of  Astronomy  among  Persons  of  all  Ages. 

A NEW  CYCLOP /EDIA. 

To  be  completed,  in  Twelve  Months, 

OuSaturday,  March  the  1st,  wd:  he  published  in  Quarto  (con- 
tinued Monthly),  price  Nine  Shillings,  PART  I.  of 

A NEW  AND  COMPENDIOUS  DICTIONARY 

-/  A.  OF  ARTS  AND  SCIENCES,  to  he  completed  within  the 
year,  by  the  publication  of  one  part  on  the  first  day  of  every 
subsequent  month,  the  whole  making  tw  elve  parts,  or  two  large 
and  elegant  quarto  volumes,  with  one  hundred  copper-plates,  by 
Heath  and  Porter. 

By  G.  GREGORY,  D.  D. 

Doctor  in  Philosophy  and  the  Arts,  and  Honorary  Member  of 
the  Imperial  University  of  Witnaj  Member  of  the  Man- 
chester and  Newcastle  Literary  and  Philosophical  Soci- 
eties; Honorary  Member  of  the  Hoard  of  Agricul- 
ture ; Domestic  Chaplain  to  the  Lord  Bishop 
of  Llnndatf;  Author  of  Essays  Historical 
& Moral,  the  Economy  of  Nature,  &c. 

A DIC  I ION  A R\  of  ARTS  ami  SCIENCES  in  a compen- 
dious form,  sufficiently  copious  without  being  prolix-,  accurate 
but.  not  diffuse,  diverted  of  all  superfluous  matter,  compressing 
rather  than  copying  what  has  been  done  by  others,  and  exhi- 
biting a clear  but  concise  view  of  the  present  state  of  the  various 
branches  of  human  knowledge,  has  long  been  a most  desirable 
object  to  the  English  reader. 

First,  It  r tv'.Y  exhibit  a compendium  of  all  human  knowledge,  the 
more  luminous  because  cleared  of  all  extraneous  matter  ; rather  prac- 
tical than  specula  lice  ; and  in  zchich  particular  attention  trill  be  paid 
to  the  most,  useful  branches. 

Second,  It  u ill  be  of  a conicnic.it  anil  comparative///  portable 
calculated  to  he  on  the  table  of  even / studious  person,  us  a book 
of  constant  reference. 

Third,  ll  tiill  be  printed  so  as  to  correspond  zeith  the  quarto  edi- 
to, ns  of  Hr.  Johnson's  Dictionary  ; and  the  possessors  of  both  works 
:>  dl  thus  have,  in  four  quarto  volumes,  and  at  a moderate  expence, 
all  the  iitc: ur.j  aid  which  the  English  student  or  reader  can  possibly 
require. 
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